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NATURE AND ORIGIN 


HE discovery of heparin resulted from the finding of MecLean' (1916), a 
pupil of Howell, that certain impure heart and liver phosphatides were \ 
inhibitory to blood coagulation. As the result of extensive investigations under the 4 
direction of Howell? (Johns Hopkins, Baltimore, 1916——), Best*® (Connaught 
Laboratories, Toronto, 1933 ), Fisecher* (Carlsberg Foundation, Copenhagen, ii 
1931 ), Jorpes® (Carolinian Institute, Stockholm, 1935——), the heparins 
have been separated from the phospholipids and identified as substituted polysac- j 
charides belonging to the class of mucoitin-polysulfurie esters. The known molee- i 
ular building stones are (1) hexuronie (? glycuronie acid); (2) glucosamine, h 
which is characteristic of the mucotins, just as galactosamine is typical of the it 
chondroitins; (3) acetie acid (linked to the amino-N, in conformity with the rule | 
that all amino sugars in nature are monoacetylated) (Furth and others, 1934) ; 
(4) several sulfurie acids (ester-linked to the hydroxyls of the hexuronie acid 
or hexosamine, or both). Many variations and fractionations are possible and 
purified natural products, including erystalline salts, differ in chemical details 
and in anticoagulant potency. According to the Toronto workers, there is a 
surprising similarity of the crystallization process for the various barium salts, 
and the varying potency does not parallel the sulfur content, as suggested by 
the Stockholm School. The simplest and most practical assay (Howell) defines 
a ‘“‘unit’’ of heparin as the amount required to keep 1 ¢.c, of cat blood fluid for 
twenty-four hours at 0° C. The Toronto standard beef-lung heparin of Charles 
and Scott represents about 100 units per milligram. Potency and purity are not 
altogether synonymous when it comes to the question of toxie reactions. 
Most tissues yield some heparin, but liver and lungs are the best sources ; 

in the majority of species. Holmgren and Wilander’ believe the origin to be in : 
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the metachromatic granules, stainable with toluidine blue in the Ehrlich mast 
eells (tissue basophiles), which commonly cluster around the blood vessels in 
the tissues which are richest in heparin. The granules are depleted in peptone 
shock. The Toronto workers have also demonstrated a rise in blood heparin 
during serum anaphylaxis in dog experiments, and this rise, together with the 
associated incoagulability of the blood (but not the shock), could be prevented 
by excision of the liver, thus proving that the heparin comes from liver reserves. 


BLOOD-CLOTTING MECHANISMS 


Our experimentation® (1934——) in the field of blood coagulation has led to 
the following conclusions as to the mechanisms involved: The fibrin of the 
clot is formed from the plasma protein, fibrinogen, through the agency of a 
coagulant, thrombin. The thrombin is first formed from an inactive precursor, 
prothrombin, which is also associated with the plasma globulins. Whether or 
not thrombin is an enzyme (fibrinogen denaturase, Wohlisch,’ Fischer*) and 
prothrombin its zymogen (mother substance) is still unsettled. The coagulant 
is either a protein or very intimately associated with proteins throughout 
various phases of their colloidal behavior. Among enzyme analogies to thrombin 
may be mentioned the papainases. We have found a crystalline papain, kindly 
supplied by Dr. A. K. Balls, of the U. S. Department of Agriculture, clotted 
a prothrombin-free fibrinogen in twelve seconds, with lysis of the clot a few 
minutes later. 


The conversion of prothrombin to thrombin requires certain activators, the 


chief one (we believe) being thromboplastic enzyme, a tryptase-like component 
of aqueous tissue extracts, which is also present, to some extent, in Berkefelded 
plasma and prothrombin made from it. Ionized ealeium salts and phospholipid 
cephalin are essential cofactors. Much of our work has dealt with these thrombo- 
plastic agents. 


The clotting reactions, especially in their time relations, are sensitive to 
physical conditions, including dilution, temperature, pH, salt content, ‘‘wet- 
ting’’ (lowering of surface tension), and other factors influencing colloidal 
stability. Specific inhibitors may be classified as (1) antiprothrombie (Howell) 
if they interfere with the first phase (conversion of prothrombin to thrombin), 
and (2) antithrombie if they affect the thrombin-fibrinogen interaction (second 
phase). ‘‘immediate’’ antithrombins evinee their full degree of inhibition at 
onee. ‘‘Progressive’’ antithrombins, on the other hand, inactivate thrombin in 
a progressive manner, to which the term ‘‘thrombinolysis’’ is applicable, if it 
is demonstrably an enzymatic process. It is not convineingly proved that 
proteolytic phenomena in blood coagulation result in nonprotein nitrogen in- 
erease (as in ordinary protein digestion). Probably there is only a minor 
degradation and perhaps rearrangement of the significant protein complexes. 
The overt proteolytic enzyme, trypsin (e.g., Northrop and Kunitz’s erystalline 
preparation) shows three actions, viz., (a) clot-aiding (thromboplastic), (b) 
thrombin-destroying (thrombinolytic), and (¢) fibrin-dissolving (fibrinolytic). 
We have demonstrated parallel phenomena with aqueous tissue extracts (erude 
thromboplastins) and the first two, at least, can be shown with Berkefelded 
(i.e., cell- and platelet-free) plasma and serum and with the usual prothrombin 
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preparations. Clot retraction is absent or defective, and fibrinolysis is not seen 
in thromboplastin-poor plasmas and thrombins. 


MODES OF ACTION OF HEPARIN 


We have shown that heparin can inhibit the tryptic digestion of casein.® 
It also retards the thrombin-destroying action of trypsin and of serum.® In 
this, of course, it is antagonistic to progressive antithrombin, but the amounts 
of heparin needed are too large to convince us that this is more than a matter 
of theoretical interest. 

In systems of purified clotting agents, heparin is practically devoid of 
antithrombie action, but the addition of a little plasma or serum results in the 
prompt appearance of a strong inhibition.‘° Heparin plus a plasma cofactor 
(Howell’s proantithrombin), therefore, forms an ‘‘immediate’’ antithrombin,"! 
the actions of which are very similar to those of other immediate antithrombins, 
e.g., ferrocyanides (polyvalent anions). The plasma cofactor has not yet been 
defined, but we have definitely ruled out crystalline serum albumin.’° 

We have confirmed’? another important action of heparin, namely, the anti- 
prothrombie (Howell and Holt, 1918). Several recent authors deny the first 
phase action of heparin or postulate an essential cofactor on insufficient experi- 
mental grounds. The difficulty is due to their use of strong tissue thrombo- 
plastins which obscure the heparin effect. Our experiments**® clearly show that 
heparin has two distinet actions in the first phase of clotting. First, it retards 
the rate of prothrombin conversion to an extent which is inversely proportional 
to the amount of thromboplastin present. This fits in with thromboplastin 
studies'* and with the inhibitory effect of heparin on trypsin.* It is econeluded 
that heparin inhibits the enzyme factor in the thromboplastin and, if there is 
a small enough amount of enzyme, its prothrombin-activating function will be 
slow in consequence. Given an abundance of the thromboplastie enzyme, the 
retardation by heparin will be missed if it is not looked for in the first few 
minutes. Secondly, there is an effect on the amount (effectiveness) of the 
thrombin formed. This requires even more carefully chosen experimental con- 
ditions for its demonstration. With a strong prothrombin and small amounts 
of heparin, the alteration in final potency (thrombic) is negligible. But if the 
prothrombin is weak enough, an appreciable fraction is rendered ineffective and 
this can readily be demonstrated by suitable tests. Our recent fully-controlled 
tests demonstrate a first phase cofactor in crude plasma ‘‘albumin.’’!* 

A eommon basis for all heparin actions-is suggested by Fischer’s (1931) 
observation that it combines with proteins (and protamines, Chargaff'*), thus 
altering their electrochemical and colloidal properties. Depending on the iso- 
electric points, this may apply alike to enzyme and substrate. 


PRACTICAL APPLICATIONS OF HEPARIN 


Clinical uses have inereased with improvements in purification and con- 
sequent lessening of toxicity of heparin preparations. Howell tried out his 
best preparations in 1928 to 1930 and found them noninjurious to human 
beings. Mason" and others, however, had very poor results with the com- 
mercial preparations. In 1935 to 1936 the Stockholm group’ (Skéld; Hedenius 
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and Wilander) used the purified preparations of Jorpes and Bergstrém with 


-no untoward effects, and they have continued to recommend heparin for trans- 


fusion and thrombosis prevention. The Toronto group*® had been trying their 
numerous preparations on animals since 1932, and in 1937 Murray, Jaques, 
Perrett, and Best'* advocated the Charles and Seott product for human use in 
the prevention of thrombosis of veins following injury. 


As with insulin, the purified drug is expensive, but it is now available from 
the Connaught Laboratories in reasonably priced 10 ¢.c. sterile ampoules, con- 
taining a stable saline solution, assaying 1,000 units per cubic centimeter. 
Orally, it is not effective. Subeutaneously, the action is prolonged (usually five 
to eight hours), but is uncertain in degree and there is danger of bleeding at 
the injection site. The route of choice, therefore, is the intravenous, with all 
the usual precautions. This is safe and the anticoagulant effect is optimal but 
somewhat transient (averaging sixty to ninety minutes). Repeated injections 
are less reliable and more uneconomical than the continuous intravenous drip, 
but even with this, there is likely to be much variation as to the effective dosage.”° 
The Toronto workers* have identified a heparinase which is said to be respon- 
sible for these variations. About 10 per cent is lost in the urine. It is best to 
keep the coagulation time at fifteen to twenty minutes (normal is five to seven 
minutes), and the heparinization must never be started until after the complete 
arrest of all hemorrhage. Postoperatively, the Toronto group'® wait for four 
to twenty-four hours, but the Seandinavians® are somewhat less conservative 
(two to three hours; Crafoord). The duration of treatment must be dictated 
by experience, but is commonly one to two days. The onset of hemorrhage (of 
any degree) and of undue edema in eases with an overtaxed circulation calls 
for discontinuance of the treatment. Heparin does not soften clots but, as 
much by the preservation of the platelets and lessening of their agglutination 
as by its anticoagulant effects, it minimizes thrombus formation. When thrombi 
do oeceur, they absorb more readily and completely, with less danger of exten- 
sion and of embolism. The protamine, salmine-sulfuric acid, is a physiologic 
antagonist to heparin both in vitro and in vivo.’® The action is quantitative’® 
and the protamine in excess is itself an anticoagulant. Being a foreign protein 
(split product), there is danger of allergy, but it could be tried in the event of 
dangerous hemorrhage in a heparinized patient. 

The main field of clinical usefulness is in prevention of thrombosis and in 
lessening the dangers of embolism (Murray's). Vision has been restored in 
some cases of thrombosis of the central retinal vein, which, ordinarily, leads to 
almost certain blindness (Holmin and Ploman?'). Besides cases of peripheral 
vessel, coronary, and cerebral thrombosis, there are reports on the use of heparin 
in endocarditis?? and in malaria.** The surgeon is especially interested in its 
use in traumatie and postoperative thrombosis. The prophylactic regime in 
these conditions has already been dealt with, but the necessity for choice of 
suitable eases may be re-emphasized. 

Heparin is said to have revolutionized vascular surgery, including both 
anastomoses and operative removal of clots.1% The prospect of permanent 
patency of the sutured vessels is greatly increased. Good results have been 
reported in lessening the repetition of embolism in phlebitis cases. 
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Being poorly absorbed through serous membranes, heparin is suggested for 
use in the prevention of adhesions in serous cavities. Basic experimental work 
in this regard was performed in 1935 by Miki and Satani** (Kioto) on rabbits. 
The exposed omentum was searified with dry gauze, and the abdominal eavity 
was filled with ordinary commercial heparin before closure. The results were 
gratifying. Lehman and Boys®> (Charlottesville, Va., 1940) have confirmed 
these experiments and extended them to include animals (rabbits and dogs) in 
which sepsis was produced by cutting off the tip of the appendix. Forty per 
cent of these dogs died from peritonitis and 11 per cent had local abscesses. 
In 30 animals which had healed in six weeks, the adhesions were counted and 
dissected, and hemostasis was secured. In addition to controls, three types of 
solution were tried in the abdominal cavity. Saline gave poorest results on re- 
examination two weeks later. Ascitie fluid was little better than the controls. 
A definite lessening in the recurrence of adhesions was noted when the Toronto 
heparin was used. In 1936 Widerstrém and Wilander® (Stockholm) had shown 
excellent results with Jorpes’ heparin in the prevention of pleural adhesions in 
rabbits after thoracoparacentesis and injection of iodine. 

Heparin is also. advocated for Haas’ exchange transfusion (blood washing) 
in uremias,° especially reflex anurias, where the object is to dialyze off the non- 
protein nitrogen retention products from the blood. The older methods had 
an anastomosing loop of collodion tubing immersed in warm Ringer-Locke’s 
solution. Later techniques called for the dialysis of successive amounts of blood, 
heparinized in vitro, with subsequent reinjection. 

With regard to its use in ordinary transfusions,> heparin ranks somewhere 
between the citrate and whole blood methods.?° It is more costly, and there is 
some danger of incomplete inhibition of coagulation. Heparin is not a good 
preservative for stored blood. There is little, if any, effect on the recipient’s 
blood as the heparin is quickly diluted down and soon inactivated by heparinase. 
It is said to be safe even when there has been severe hemorrhage (bleeding 
ulcers, for instance). 

Another method is to heparinize the donor (Hedenius, 1936) with 1 mg. 
of heparin (100 units) per kilogram intravenously.’ No untoward reactions 
are experienced by donor or recipient. The donor must not risk injury for a 
couple of hours. It is easier to get sufficient blood without interference due to 
clotting in the vein. The technique may be simplified. Indeed, in emergencies, 
the whole procedure may be carried out entirely by means of a few sterile 
syringes. 

As a blood preservative for biochemical and other purposes, heparin has 
advantages and disadvantages. it is anticomplementary. Many of its appli- 
cations are still in the experimental stage and the seope of its clinical useful- 
ness is especially a problem for the future to decide. 
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CLINICAL AND EXPERIMENTAL 


EXPERIMENTAL STUDIES IN CARDIOVASCULAR PATHOLOGY* 


II. PatHo.ocic LESIONS IN ORGANS OF Cats, GUINEA PiGs, AND FRoGS 
PropUCcED BY DIGITALIS POISONING 


W. C. Hueper, M.D., C. T. IcHNiowsk1, Po.D., New York, N. Y. 


ECENT investigations of Weese and Dieckhoff' on the one hand, and of 

Biichner? as well as Bauer and Fromherz* on the other hand, have again 
raised the controversial question as to whether the toxic effects exerted by 
digitalis glycosides upon the functional activity of the heart muscle are caused 
by the storage and cumulation of these substances in these elements, as con- 
tended by Hatcher,’ or whether they are the result of myocardial lesions directly 
or indirectly produced by these glycosides and thus represent, after repeated 
administration of digitalis preparations, manifestations elicited by the super- 
imposition of successive anatomic myocardial lesions produced by the individual 
doses of the digitalis glycosides administered. The conception of an additive 
anatomic effect as the cause of toxic symptoms from repeated digitalization is 
based upon the demonstration of hemorrhagic, degenerative, and necrotic myo- 
cardial lesions in the hearts of: dogs, cats, rabbits, and frogs following the in- 
troduction of sublethal and lethal doses of various digitalis preparations 
(Lewitzki;> Biichner;? Bauer and Reindel;® Hu, Lieu, and Li;’ Korth and 
Spang and Lindner)’. 

It is evident that a clarification of the action mechanism of digitalis 
glycosides, particularly in ‘‘cumulative’’ respects, is of utmost clinical im- 
portance since these drugs are used frequently over prolonged periods, until 
toxic symptoms become apparent. The clinical and pharmacologic observations 
cannot be correlated satisfactorily with the pathologic data available on this sub- 
ject because the pathologic studies have been restricted to the heart. This organ 
was found to be without any myocardial lesions in some animals dying from sub- 
acute digitalis poisoning, and exhibited severe anatomic changes in other animals. 
An experimental reinvestigation of the pharmaco-pathologie interrelations of 
digitalis poisoning appeared to be indicated wherein special emphasis was to be 
placed upon a detailed pathologie study of all internal organs. 


EXPERIMENTAL 


A purified digitalis preparation, representing the total activity of the 
leaf, was used in the experiments. Guinea pigs and cats received the drug by 
intramuscular injection, while frogs were subjected to administrations into the 
lymph sae. The study consisted of three sets of experiments. Eight guinea 


*From the Warner Institute for Therapeutic Research, New York. 
Received for publication, June 3, 1940. 
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pigs were injected with a single lethal dose of the digitalis preparation. Sixteen 
eats received intramuscular injections of one-fifth (10 cats) to one-tenth (6 cats) 
of the single lethal dose daily until death. Thirty-three frogs were injected daily 
with the solution of the purified digitalis preparation. The daily amount ad- 
ministered to the frogs was equivalent to one-tenth of the 50 per cent mortality 
dose for the first twenty-eight days of the experiment and was then increased to 
one-fifth of the dose for the following five days, after which the treatment was 
discontinued for the surviving 22 animals. 

Series I. Single Lethal Dose—Two of the 8 guinea pigs died within one 
to two days after the injection of the lethal dose of the digitalis preparation; 
4 died after three to four days; 2 after six to ten days. Post-mortem findings: 
The lungs were congested and edematous, containing scattered hemorrhagic 
areas. The left ventricle was firmly contracted, appearing occasionally paler 
than the excessively dilated right ventricle. The subepicardial vessels were 
markedly hyperemic. The suprarenals were enlarged and congested and con- 
tained medullary hemorrhages in 3 animals. The internal organs, especially the 
liver, mesentery, intestine, and meninges, exhibited congested blood vessels. 

Histology —Heart: No myocardial abnormalities were found in the hearts 
of the 2 guinea pigs which died within the first forty-eight hours. One of them, 
however, showed several small subendocardial hemorrhages. The hearts of 3 of 
the 4 animals dying within forty-eight to ninety-six hours were free from de- 
generative myocardial lesions. Small leucocytic foci were present in the myo- 
eardium of the fourth animal, in which also a few scattered hyaline degenerated 
muscle cells were observed. Extensive and multiple areas of hyaline degenera- 
tion and necrosis often associated with leucocytie infiltrations were found in 
the hearts of the 2 guinea pigs which died six to ten days after the injection. 
Several necrotic foci showed calcium inerustations. There were subepicardial 
hemorrhages in both animals and subendocardial hemorrhages in one. 

Lung: Venous congestion, pulmonary edema, and intra-alveolar hemor- 
rhages were present in all animals. 

Liver: Congestion of the hepatic vessels was especially marked in the peri- 
central zones, where hemorrhages were found oceasionally. Multiple, large 
hyaline necroses existed in the liver of the guinea pig which survived for ten 
days. 

Suprarenal Glands: In addition to the marked congestion and edema 
present in every ease, there existed a hemorrhagic destruction of the medulla in 
the suprarenal glands of 3 guinea pigs. 

Testes: A moderate degeneration of the spermatogenic epithelium was 
found in 3 animals. 

Brain: Only the brain of the guinea pig which died on the sixth day was 
studied. The meningeal and cerebral vessels were congested markedly, and the 
cerebral parenchyma was edematous. Small hemorrhages were observed in the 
region of the floor of the fourth ventricle, where also vacuolated and disintegrat- 
ing swollen ganglion cells were noted seattered in several centers. 

The other organs were normal with the exception of varying degrees of 
hyperemia. 
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Series II. Repeated Sublethal Doses—Symptomatic Observations: The 
eats reacted after the first injection of the digitalis glycosides with increased 
salivation, nausea, emesis, and signs of general discomfort, rarely assuming the 
degree of retching movements or marked general distress. These symptoms dis- 
appeared in general within the first twenty-four hours, when loss of appetite, 
drowsiness, and apathy set in and continued in most animals until death oe- 
curred. New attacks of vomiting, accompanied sometimes by diarrhea, were 
seen, however, in a few cats following repeated injections. Spastic convulsions 
did not oceur. It was noted that the heart action became progressively rapid 
and irregular during the course of the experiment, so that a ‘‘racing heart’’ 
and signs of heart block existed in most animals for some time before death. Of 
the 6 cats which received daily one-tenth of the single lethal dose, one died after 
four injections, one after seven injections, and 4 after ten to twelve injections. 
Of the 10 cats composing the group receiving daily one-fifth of the single lethal 
dose, 6 died after three to five injections, 3 survived six to eight injections, and 
one died after fifteen injections. 

Pathologic Observations—The post-mortem examinations showed that the 
hearts had a hard and firmly contracted left ventricle, while the right side of 
the heart, and especially the right auricle, were dilated. The subepicardial veins 
were engorged, whereas the coronary epicardial arteries were collapsed and 
appeared as white strands between the swollen and projecting accompanying 
veins. Small dark red hemorrhagic areas in the subepicardial tissue were found 
in one heart near the circular suleus. A serohemorrhagi¢ pericardial fluid was 
observed in 3 cats. The lungs were congested and sometimes contained small 
scattered hemorrhagic areas. The other internal organs were ache agel any ap- 
preciable pathologic changes. The meningeal vessels were hy peregtic. ~ 

Histology—Heart: Marked pathologie changes were présent in the left 
ventricular wall, the interventricular septum, and especially in the papillary 
muscle of the left ventricle of the hearts of¢the 5 cats which died three to 
five days after the start of the experiment. The lesions were located mainly 
in the subendocardial region and near she apex. The right ventricular wall as 
well as the walls of the auricles exhibited only occasionally myocardial changes. 
There were areas composed of swollen and hydropie muscle cells revealing a 
rarefaction of the sarcous content (FKig.1). In other parts there was a more 
or less marked interstitial edema, proliferation of histiocytes and of fibroblasts 
present replacing degenerated muscle cells. Multiple foci contained fragmented, 
partly hyalinized or rarefied muscle cells showing not infrequently a tortuous 
shape or having cross bands of sarcous granular densifications (contraction 
bands) (Fig. 2). Seattered calcifications were found in smaller lesions of coagula- 
tion necrosis. Hemorrhagic lesions containing muscular fragments in a state 
of granular or lytie disintegration and infiltrated with leucocytes and lympho- 
cytes were repeatedly seen in the subendoecardial zone (Fig. 3). There was an 
edematous swelling of several medium-sized arterioles (Fig. 4). The sub- 
epicardial and myocardial coronary arteries were firmly contracted, while the 
veins were dilated and engorged. Capillaries located within the degenerated and 
necrotic areas sometimes showed swollen and thickened walls lined with a pro- 
liferated endothelium. 
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In contrast to these very extensive and severe myocardial lesions present 

- in these 5 eats, the tissues exhibited only minor changes in 2 additional eats 
dying after three to five injections. Similarly, there were only marked hemor- 
rhagic, degenerative, and necrotic tissue reactions found in the hearts of 2 of the 


Fig. 2—Fragmentation and hyaline and vacuolar degeneration of the myocardial cells with 
interstitial edema and leucocytic infiltration. 


H 
eae Fig. 1.—Hydropic and swollen myocardial cells with rarefaction of the sarcous matter. 


HUEPER AND ICHNIOWSKI: 


Fig. 3.—Subendocardial necrosis and hemorrhage with marked leucocytic infiltration into the 
edematous tissue containing partially lyzed muscle cells. 


Fig. 4.—Myocardial arteriole with swollen and edematous wall. 
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9 eats which died after six to fifteen injections, while the hearts of the other 
7 animals exhibited only scanty and mild degenerative lesions. Numerous smal! 
fibroblastic scars, in addition to extensive regressive and inflammatory myo- 
cardial lesions, were observed in the heart of the cat which died after fifteen 
injections. 

Glycogen stains of the heart sections made with the Best’s carmine method 
were negative in four instances and showed mere traces in a fifth ease. 

Lung: The veins were markedly engorged, the arteries were collapsed, and 
the pulmonary parenchyma showed intra-alveolar edema and scattered hemor- 
rhages. 


Fig. 5.—Degenerated ganglion cells and neuronophagia in a center located at the floor of the 
fourth ventricle. 


Iiver: In addition to marked, especially pericentral congestion, there 
existed interstitial edema and hemorrhages accompanied by hepatie atrophy in 
several cases. Glycogen stains were negative. 

The other internal organs (kidney, spleen, suprarenals, pancreas, lymph 
nodes, intestine, stomach, ovary, bone marrow, uterus, ete.) showed varying 
degrees of congestion. 


Brain: There were degenerative glial and ganglionic cellular changes pres- 
ent in the majority of cats. These lesions were remarkable, particularly in some 
of the eats which died with minor myocardial degenerative manifestations. The 
lesions consisted of vacuolization and disintegration of individual ganglion cells 
located in the centers of the basal region and in the brain stem (Fig. 5). In 
two instances smaller glial cell infiltrations were found in the cerebellum 
(Fig. 6), while markedly engorged capillaries with foeal degeneration of the 
nervous substance were seen occasionally (Fig. 7). 
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Series III. Prolonged Repeated Injections —Five frogs lived for four to 
six days, 4 for ten to twenty days, 2 for twenty-nine to thirty-one days, 16 for 
forty to forty-three days, and 6 for seventy to seventy-five days. All frogs which 
survived for more than forty-two days were killed. The hearts of the majority 
of the frogs which died spontaneously showed a firmly contracted grayish red 


? ! 


ee 


Fig. 7.—Congested capillaries surrounding a focus of degenerated nervous substance. 


Fig. 6.—Glial focus in the cerebellum. 
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, to pale yellowish-gray ventricle, which seemed to be attached like a small nodule 
} to the markedly distended and engorged auricle. The lungs of these animals 
7 were often congested. The stomach was distended and contained a thick jellylike 
: grayish white matter. The organs of the animals which were sacrificed after 
the arrest of the treatment exhibited normal organs. 


‘Fig. 8.—Contraction bands in the heart of a frog. 


Histology.—Heart: The most characteristic and frequent, while by no 
means constant abnormality found in the hearts of the frogs which died during 
treatment was a marked swelling and hydropic condition of the muscle cells of 
the ventricle. Contraction bands consisting of hyaline, granular material, which 
was indistinctly demarcated from the adjacent hydropic sarcous content of the 
cells, were running crosswise to the longitudinal axis of muscle bundles (Fig. 8). 
Because of the firm contraction of the ventricle very little blood was present 
in between the nonvascularized muscular trabeculae composing the wall of the 
frog heart. There were no degenerative lesions. 

The liver and kidney were congested and often edematous. 


The internal organs of the frogs killed after cessation of the treatment 
were normal. 


COMMENT 


The pathologie observations made regarding the presence and type of myo- 
cardial lesions found in animals dying from digitalis poisoning confirm in gen- 
eral those previously recorded. They substantiate, moreover, the statements of 
Bauer and Reindell,® and Lindner,’ that such anatomic myocardial changes are 
not present in all animals (in 80 per cent, according to Bauer and Reindell) 
subjected to lethal and sublethal doses of digitalis glycosides. It is obvious, 
therefore, that myocardial pathology cannot represent in all instances the cause 
of symptomatic toxic manifestations observed during life and its lethal sequelae, 
as contended by Biichner,? and Bauer and Fromherz.’ In addition to these 
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cases in which no appreciable myocardial lesions exist, there are others in which 
the anatomic changes in the heart after toxic doses of digitalis glycosides are 
so mild that they cannot be considered as a major etiologic factor in bringing 
about the lethal results observed. While these considerations seem to discredit 
the anatomic conceptions of Biichner, and Bauer and Fromherz, and support 
apparently the functional-cumulative theory of Hatcher,* there remains the pos- 
sibility that primary or secondary extracardiae organic anatomic lesions, such 
as described in this presentation, may be involved in or contribute to the causa- 
tion of the toxic symptomatic reactions, particularly those affecting the heart 
and the nervous system, and of the fatal end results. 

There exists a certain amount of functional and anatomic evidence indicat- 
ing that such a causative mechanism may play a part in the appearance of the 
toxie and fatal manifestations associated with digitalis poisoning in animals. It 


is a well-recognized fact that an overdigitalization leads to an excessively pro- | 


longed and accentuated systolic contraction and an incomplete and shortened 
diastolic dilation of the ventricles. This functional state of the myocardium 
results in a more or less serious circulatory impairment characterized by a de- 
fective filling of the arterial system and a retention of the blood in the venous 
system. Such a circulatory state produces a relative stagnant hypoxemia in the 
extracardiae organs followed, when prolonged, by the development of degenera- 
tive changes in those organs, such as the brain, which are particularly sensitive 
to deficiencies in their oxygen supply. This hypoxemie condition is accentuated 
during attacks of vomiting and convulsions, and during the state of the racing 
heart, which in turn aggravate the ischemic anoxemia of the myocardium re- 
sulting from the compression of the myocardial arterioles by the bulges of the 
contracted muscle bundles (Anrep,’® Fock") and interfering with the functional 
efficacy of the myocardium. Thus, a vicious circle is established between dis- 
turbances of the functional activity of the heart with its resulting circulatory 
effects and the functional and anatomic changes elicited by these conditions in 
extracardiae organs. The site (suprarenal, brain) and character of these lesions 
(hemorrhages, degeneration of ganglion cells in the region of vitally important 
centers) as well as their potentially progressive nature suggest that they may 
be the cause not enlv of prolonged functional cardiac disturbances, but also 
of the oceurrence of the delayed deaths observed in animals without appreciable 
or severe myocardial pathology. 

In view of the complete absence of corresponding observations in connection 
with the toxic reactions associated with a therapeutic overdigitalization:in man, 
it remains uncertain whether a similar vicious circle of functional and anatomic 
reactions is produced and may contribute to the untoward effects noted some- 
times in patients subjected to this type of treatment. ; 


CONCLUSIONS 


The introduction of single lethal, doses of digitalis glycosides into guinea 
pigs, as well as of repeated sublethal doses of the drug into cats, results in the 
production of degenerative and necrotic myocardial and extracardiae (cerebral, 
suprarenal, hepatic, renal) organic lesions in the majority of the animals treated. 
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Some of the animals, however, dying from the toxic effects of the digitalis 


glycosides show at death no appreciable, or only minor cardiac, changes, while 


the extracardiae, and particularly cerebral, lesions are well developed. 

The anatomic evidence obtained indicates that subacute and delayed death 
from digitalis poisoning may be the result of anatomic, myocardial lesions of 
severe type or, in the absence of these, of extracardiae cerebral or suprarenal 
lesions. 
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FURTHER STUDIES ON THE BEHAVIOR OF GLUCONIC ACID AND 
AMMONIUM GLUCONATE IN ANIMALS AND MAN* 


Maynarp B. CuHenowetn, A.B., HELEN Civix, M.S., CHaRLES SALzMaANn, B.S., 
Mitton Conn, M.D., ANp Harry Goup, M.D., New York, N. Y. 


HE present report deals with a study of certain aspects of the pharmacology 

of gluconie acid, in particular its effect on the pH of the urine, its excretion 
in the urine, and its toxicity by oral and intravenous injection in aeute and 
chronic experiments. 

Mechanism of Increased Urinary Acidity After Gluconic Acid.—In a previ- 
ous study' we found that large oral doses of gluconie acidt administered to 
human subjects sometimes increased the acidity of the urine, the pH falling 
from 0.1 to 1.0 unit. Such a decline in the pH need not necessarily be due to ex- 
ereted gluconie acid, since the administration of an organie acid which shifts the 
acid-base equilibrium of the blood toward the acid side may result in inereased 


*From the Department of Pharmacology, Cornell University Medical College, New York. 
Received for publication, June 7, 1940. 


7Throughout these studies the preparation used was glucono-delta-lactone of Charles 
Pfizer & Co., Inc. 
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excretion of acid phosphates, and this factor may be responsible for the shift 
in the pH of the urine. We pointed out in the previous study that the fate of 
glueonie acid is not established, some studies indicating a high degree of ex- 
eretion and others the possibility that it is chiefly destroyed. We, therefore, 
performed experiments to ascertain the role of excreted gluconic acid in pro- 
ducing the changes in the pH of the urine. 

In the first group of experiments gluconie acid was added to urine of 6 nor- 
mal subjects and of one with a urinary infection, in concentrations varying from 
0.1 to 5 per cent gluconie acid. Forty-three pH determinations were made. The 
results showed a fall in the pH of from 0.1 to 1.2 units. All pH determinations 
were made with the Leeds and Northrup potentiometer using the glass electrode. 
In general, the higher the concentration of gluconie acid, the greater the decrease 
in the pH of the urine. Marked variations were in evidence, however, among 
different specimens of urine. For example, in each of two urines, in which the 
pH decreased by 0.6, the change was brought about by a 0.9 per cent solution 
of gluconie acid in the one and by a 5 per cent solution in the other. A 1 per 
cent solution of gluconie acid lowered the pH by as little as 0.1 in one urine, 
while the same change of pH was produced by a much more dilute solution of 
gluconie acid, 0.2 per cent, in another specimen. The original pH is not the 
sole factor that determines these variations, since two urines having the same 
pH at the start may show quite different changes with the same concentrations 
of gluconie acid. For example, in the case of two urines each of which had a 
pH of 5.9, one showed a decrease of 0.9 amd the other a decrease of 0.6 with a 
gluconie acid concentration of 2.5 per cent; similarly, when the concentration 
of gluconic acid was raised to 5 per cent in these two, the pH decreased by 1.2 
in one and by 0.9 in the other.’ These differences, as might be expected, are due 
to the different buffering powers of various urines. 

These experiments showed that the gluconic acid content of urine after 
large oral doses in man should be 0.3 per cent or higher in order to produce an 
appreciable fall in the pH of the urine, such as, for example, 0.1 to 0.3 unit. 

Glueonie acid is much less effective than mandelic acid in lowering the pH. 
In one specimen of urine a 5 per cent solution of gluconic acid produced a 
smaller effect (fall of pH by 1.2) than a 1 per cent solution of mandelic acid 

(fall of pH by 2.5). 


GLUCONIC ACID EXCRETION IN URINE AFTER ORAL ADMINISTRATION 


Experiments were then performed to determine the gluconie acid content of 
urine in human subjects after the oral administration of large doses. 

An attempt was first made to determine the gluconic acid by the prepara- 
tion of its phenylhydrazide, according to the technique described by Fischer and 
Passmore,” and modified by Kiliani* and Van Marle.* 

In one experiment in which 200 mg. of gluconic acid were added to 25 e.c. 
of distilled water, a yield of 98 per cent of the theoretical quantity of the phenyl- 
hydrazide was obtained. It gave the melting point of gluconic acid phenyl- 
hydrazide, namely, 200° C. Each of two specimens of urine was divided into 
four 25 ¢.e. portions, and gluconic acid was added in amounts varying from 200 
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to 400 mg. The yield varied from 10 to 69 per cent of the added gluconie acid 
for the 8 samples, and from 18 to 69 per cent for the samples of the same 
specimen. 

An attempt was made to recover gluconic acid phenylhydrazide from the 
urine collected three hours after the oral administration of 5 to 20 Gm. of 
gluconic acid in 5 persons. None was recovered in 3. In 2 others the recoveries 
were 10 and 160 mg., respectively. The erystals were impure. These results 
showed that the phenylhydrazide method applied to urine yields hydrazides 
other than that of gluconiec acid and is not a satisfactory method for determining 
the excretion of gluconic acid in urine. As far as the results go, however, they 
indicate that very little of a large oral dose of gluconie acid is excreted in the 
urine in man. 

In another series of experiments an attempt was made to determine the 
urinary excretion of gluconic acid polarimetrically by means of the alkaline 
molybdate complex. De Carli> showed that the specific rotation of gluconic 
acid is very low. However, Lutz and Jirgensons,° and Schmidt and Weber- 
Molster’ showed that the specific rotation of various aldonic acids ean be greatly 
increased by forming complexes with sodium or ammonium molybdate. Bennet- 
Clark® employed acid solutions of ammonium molybdate for determining glu- 
conic acid in plant extracts. The acid solution, however, is not applicable to 
urine because of other substances normally present which color the molybdate, 
and Lutz and Jirgensons® showed that the greatest rotation in the ease of 
gluconie acid is obtained in alkaline solution. 

The urine was first cleared by centrifuging twice at 4,000 r.p.m. It was 
decanted into a fine filter and allowed to filter slowly in the refrigerator. Char- 
coal or other similar agents for clearing urine are undesirable in the ease of 
gluconic acid.® Eight cubic centimeters of the clarified urine were placed in a 50 
e.c. Erlenmeyer flask. To this 5 ¢.c. of a saturated aqueous solution of ammonium 
molybdate were added, and 0.5 ¢.c. of 24 per cent sodium hydroxide. This was 
made up to 25 ¢.e. with distilled water. It was well mixed and allowed to stand in 
the dark for about one hour, although the indications are that accurate readings 
ean be made in from thirty minutes to twenty-four hours. A determination 


TABLE I 


EFFECT OF THE CONCENTRATION OF GLUCONIC ACID ON THE DEGREE OF OpTiICcAL ROTATION IN 
URINE 


CONCENTRATION OF GLUCONIC ACID 
LACTONE (%) 

2.0 3.49 

1.5 2.55 

1.0 1.66 

0.9 1.47 

0.8 1.30 

0.7 1.15 

0.6 0.97 

0.5 0.80 

0.4 0.64 

0.3 0.46 

0.2 0.32 

0.1 0.17 

Normal urine —0.02 

Distilled water 0.00 


ANGLE OF ROTATION 
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of the relationship between the concentration of gluconic acid lactone in urine 
and the angle of rotation showed that with concentrations between 0.1 and 2.0 
per cent this relationship is a straight line function (Table I). 

The polarimetric method of determining gluconic acid in urine was applied 
to four experiments in a dog and to thirty experiments in six persons. Illus- 
trative data are presented in Table II. A normal female dog was placed in a 
metabolism cage and kept on a normal stock diet with unlimited water. The 
bladder was emptied before the drug was administered. Urine specimens were 
collected from the bladder by means of a catheter at intervals of from one-half 
to seven and a half hours after the dose. To insure a satisfactory volume of 
urine, 100 ¢.e. of tap water were placed in the stomach after the doses of the 
drug in three of the four experiments. Each experiment was done on a dif- 
ferent day. The following doses were used: 0.5 Gm. of gluconie acid per kilo- 
gram intravenously in two experiments, 1 Gm. per kilogram by stomach tube 
in the third, and 1.5 Gm. per kilogram by stomach tube in the fourth. The 
pH of the urine specimens collected from one-half to five hours after the dose 
was usually less than 5.5, and ranged from 4.8 to 6.0. The results showed that 
the dog exeretes some gluconie acid in the urine, more after intravenous injec- 
tions than after oral administration. In the case of the intravenous injections, 
most of the exeretion took place in the first half hour. The total amount ex- 
ereted in the urine in either case was small, namely, 1.1. and 2.4 per cent of 


TABLE II 


URINARY EXCRETION OF GLUCONIC ACID DETERMINED POLARIMETRICALLY 


TOTAL 


CONCEN- GLUCONIC 


TRATION OF ACID GLUCONIC 


DOSE* MODE OF GLUCONIC | RECOVERED ACID 
DATE (GM./ ADMINIS- — adie ACID IN IN EACH | RECOVERED 
KG.) TRATION (mm) URINE SAMPLE |AFTER EACH 
SAMPLE (% OF DOSE (% 
(%) DOSE) OF DOSE) 


= 


8/25 i Stomach 4.5 6.0 0.11 1.2 
tube 7.5 — 0.01 0.075 2.4 
8/31 0 4.5 0 0 
0.5 Vein 0.5 4.8 4.4 3.1 
1 5.8 0.6 1.4 5.4 
1.5 4.9 1.3 0.9 
2 5.5 0.22 0 


8/21 Oral 3.5 5.7 0.25 3.5 
7.0 —_ 0.26 4.2 7.7 
24.0 — 0 0 
8/22 10 Oral 3.9 5.9 0.33 10.9 
7.0 — 0.05 1.8 12.7 
24.0 — 0 0 
8/24 10 Oral 3.5 5.9 0.58 6.4 
7.0 — 0.24 8.6 15.0 
24.0 = 0 0 


*Both oral and intravenous doses were given as a 10 per cent solution of the delta lactone 


of gluconic acid. 
hese time intervals represent the period from the administration of the drug to the 


collection of the sample of urine. 
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1.0 to 1.5 Gm. per kilogram by oral administration, and 5.4 and 6.0 per cent 
of 0.5 Gm. per kilogram by intravenous injection. 

In the human subjects the gluconie acid was given in a single dose of 5, 
10, 20, or 30 Gm. orally at 9 a.m., after a constant breakfast at about 8 a.m. 
The bladder was emptied just before the drug was taken dissolved in 8 ounces 
of water. No food was taken until after the first sample of urine which was 
collected, three and a half hours following the drug. The second sample was 
collected seven hours after the drug, and the third sample represented the 
pooled urine voided up to twenty-four hours after the drug. Variable amounts 
of glueconic acid appeared in the urine after its oral administration. None was 
recovered after a 5 Gm. dose in two experiments. After from 10 to 30 Gm. 
doses, 0.5 to 17.5 per cent appeared in the urine. The recovery varied greatly 
in the same individual after a similar dose and similar interval on different 
days. For example, in one subject who received a 10 Gm. dose on each of 
five days, the recovery of gluconic acid in the urine three and a half hours after 
each dose varied as follows: 1.4, 2.2, 2.6, 0.0, 5.7 per cent of the dose. The 
largest amount usually appeared in the first seven hours after the ingestion. 
In four experiments in which the total exeretion was determined, it varied 
from 7.7 to 15 per cent of the 10 Gm. dose. 

The concentration of gluconie acid in the urine of the dog varied from 
0.01 to 4.4 per cent. In human subjects in whom the doses were smaller on the 
basis of body weight, the concentrations ranged from 0.03 to 2.24 per cent. 

The decrease in the pH of the urine after gluconie acid in oral doses of 
from 5 to 50 Gm. ranged from 0.1 to 1.0. When gluconie acid was added to 
urine, it was found that concentrations of from 0.1 to 0.9 per cent produced 
decreases in the pH of the order of 0.1 to 0.6 unit. Since such concentrations of 
eluconie acid appear in the urine after oral doses, we may conclude that the 
pH of the urine following the oral administration of gluconie acid could be 
explained by the excreted gluconie acid as estimated above. 

We have observed that control urine does not form an optically active 
complex with ammonium molybdate in the manner in which these experiments 
were performed. Furthermore, the urine secreted after the injection of gluconie 
acid is not optically active until its ammonium molybdate complex has been 
formed. We have assumed that this optically active compound represents glu- 
conic acid, the amount of which was caleulated in terms of the lactone. The 
possibility that this compound which appears may not be gluconie acid, but 
some related conversion product which possesses little direct optical activity, 
but which develops optical rotation as its ammonium molybdate complex in a 
manner similar to gluconie acid, has not been exeluded. 


TOXICITY OF GLUCONIC ACID 


In the Cat and the Dog.—Kach of 5 eats received a daily dose of 1 Gm. of 
gluconie acid per kilogram as a 10 per cent solution by stomach tube for fourteen 
days. Daily observations were made for signs of toxicity, and the urine was 
examined daily for protein, blood, casts, and sugar. The urine was also ex- 
amined during a control period of five days prior to the administration of the 
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drug. The animals were weighed at the beginning and again at the end of the 
experimental period. 

The general appearance of the animals remained unchanged. They retained 
their control weight. Three developed vomiting and diarrhea on several occa- 
sions. The urine remained unchanged. 

At the end of the two weeks the animals were killed with ether or chloro- 
form, and on gross examination the lungs, heart, liver, kidneys, gastrointestinal 
tract, bladder, ureter, and spleen were found normal. Sections of the lungs, 
liver, and kidneys were prepared, stained with hematoxylin and eosin, and 
examined histologically. In all there were 126 such sections. These also failed 
to show any significant changes when compared with the tissues of 2 normal 
cats examined in the same way. 
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Fig. 1. 


A similar series of experiments was carried out on 3 dogs. The results 
are similar to those obtained in the cats. No signs of ill health developed during 
the period of two weeks. The urine remained unchanged and at autopsy no 
significant gross or histologic changes in the tissues (33 sections examined) were 
found. 

Effect of Intravenous Injection in the Cat——Fig. 1 shows the effeet of glu- 
conic acid and ammonium gluconate given by intravenous injection in the eat. 
A dose of 500 mg. per kilogram produced a temporary fall of the blood pressure, 
which returned to the normal level within about five minutes. Eight minutes 
later a similar dose of ammonium gluconate was given. This also produced a 
temporary fall of the blood pressure, followed by a marked secondary rise. An 
additional dose of 275 mg. per kilogram given very rapidly about twenty minutes 
later produced abrupt cessation of the heart. The dose which produced no ap- 
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preciable sustained injury is equivalent to an intravenous injection of 30 Gm. 
for the average man on the basis of body weight. It is clear, therefore, that 


the toxicity of ammonium gluconate or gluconie acid by intravenous injection 


is very low. 


Effect of Gluconic Acid on the Urine of Human Subjects—tThe urines of 
5 normal persons were examined for protein, casts, blood cells, pus cells, and 
sugar. The subjects were then given daily doses of gluconie acid of 5 to 10 
Gm. each for periods varying from three to six days. At the end of this period 
the urine was re-examined in the same way. The results show that gluconic 
acid produces no signs of renal injury, judged in this way. 

Effect of Gluconic Acid on the pH of the Urine.—In the previous study? the 
results of experiments were presented showing that the delta lactone of gluconie 
acid given in large doses reduced to low levels the pH of the urine in normal 
human subjects. The dose was 15 Gm. of gluconic acid given orally on an 
empty stomach. The bladder was emptied at the time the dose was taken, 
and the urine secreted during the first four-hour period after the dose was 
examined for the pH. Inasmuch as the larger doses. had a fairly marked tend- 
ency to eause cramps and diarrhea, similar experiments were now made with 
5 Gm. doses in order to see whether changes in the pH of the urine could be 
produced without the gastrointestinal symptoms. These experiments were car- 
ried out in 10 persons, 5 with and 5 without a urinary infection. Control speci- 
mens of urine were examined for the pH under the same conditions as those 
after the dose of the drug. In the different patients the average pH for the 
controls was based upon the results in from five to sixteen specimens, and after 
the gluconic acid the average pH was based upon the results .in from five to 
thirty-seven specimens. The results with the 5 Gm. doses were equivocal. The 
doses were then increased to from 10 to 50 Gm. given at one time. Marked 
variations in the changes of the average pH of the urine after the drug were 
observed. In the different cases they were as follows: +0.9, -—0.2, +0.4, +0.1, 
—0.3, —0.5, 0.0, -0.7, -0.1, and -0.9. Urinary infection was present in the first 
five of these cases. It appears, therefore, that normal and infected urines do 
not behave alike. In normal urine the pH usually declined. In infected urine 
a decline rarely occurred. In fact, the usual response was a rise of the pH. A 
similar resistance of infected urine to acidification by intravenous injections 
of gluconie acid in human beings was reported by Bodon."° 


Effect of Ammonium Gluconate.—In a group of 8 persons the effect of 
ammonium gluconate on the pH of the urine was tested. There were 2 with 
infected urine and 6 with normal urine. The experiments were carried out in 
a manner similar to those in which the delta lactone of gluconie acid was used. 
The doses were from 5 to 30 Gm., given in the form of a powder, dissolved in 
8 ounces of water, with the urinary bladder empty, four hours before the speci- 
men of urine was collected. The results showed that ammonium gluconate in 
such doses as these also tends to reduce the pH of normal urine, and in the 
two subjects with infected urine, the pH did not fall, but rose. Four of the 
8 patients developed nausea, cramps, and diarrhea. These disagreeable effects 
of ammonium gluconate, therefore, are similar to those encountered during the 
use of gluconie acid. . 
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Illustrative data of the effect of gluconiec acid and ammonium gluconate 
on the pH of the urine in man are presented in Table III. 


TABLE IIT 


EFFECT OF INGESTED GLUCONIC ACID AND AMMONIUM GLUCONATE ON THE pH OF URINE IN MAN 


pH DETERMINA- 

TOTAL DAILY DOSE 25 ag |8 
s | se] 22 Zee | | pe 
12 £8 | 448128 | 24 
Gluconic Acid 
1 Fro* |5(5)t| 10(11) 20(6) 5 22 5.7-5.2 7.5-5.4 | 5.5 6.4 +0.9 
Edw*|5(3) | 10(28) 20(5) 12 36 6.9-5.7 7.3-5.2 6.4 6.8 | +0.4 
3 Mod |5(4) | 10(1) 15(5) 16 10 7.0-5.1 5.9-4.9 5.7 5.2 -0.5 
4 |Tra |5(5) | 10(5) | 15(5) | 10 | 15 | 62-49 | 62-48 | 5.7 | 48 | -0.9 
2 | Rei* | 5(6)| 10(3) | 20(7) | 10 | 19 | 6.2-5.6 | 6.6-5.0 | 5.9 | 6.1 | 40.2 
30(4) 

3 Jon | 5(6)} 10(3) 20(3) A 12 7.2-5.4 6.1-5.0 6.0 5.5 -0.5 
4 Mac | 5(6) |} 10(3) mos 7 9 6.9-5.2 | 6.2-4.9 6.4 5.5 -0.9 


*Subjects with urinary infection; others without urinary infection. 
These show number of days drug was taken. 


SUMMARY AND CONCLUSIONS 


1. A method has been developed for the determination of gluconic acid 
in urine polarimetrically by means of the ammonium molybdate complex of 
gluconie acid. 

2. It has been determined that the degree of optical rotation produced by 
the complex of gluconic acid bears a straight line relationship to the concentra- 
tion of gluconie acid. 

3. After large oral doses of gluconie acid the urine, when treated with am- 
monium molybdate, develops optical rotation. We have assumed it to represent 
excreted gluconiec acid. 

4. After 10 to 30 Gm. doses of gluconie acid given orally, human subjects 
were found to excrete an amount varying from 7.7 to 15.0 per cent of the dose 
in the succeeding twenty-four hours, the major part of the excretion taking 
place within the first few hours. ; 

5. After doses of 10 to 30 Gm. of gluconic acid the concentration in the 
urine is extremely variable, ranging from 0.03 to 2.24 per cent, usually, however, 
less than 0.5 per cent. 

6. In vitro experiments in which gluconiec acid was added to the urine 
showed that the foregoing concentrations could account for the amount of de- 
crease of the pH of the urine which followed the oral doses of gluconie acid. 
It is inferred, therefore, that the fall of the urinary pH after the administration 
of gluconic acid is due to the excreted gluconic acid, or some closely allied acid 
derivative. 
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7. Additional experiments with oral doses of glueconie acid. confirm the 
previous results showing that the pH of the urine can be significantly reduced 
by doses of the order of 10 Gm. or more. Smaller doses produce equivocal 
results. 

8. In a series of similar experiments with ammonium gluconate the pH of 
the urine was similarly lowered by similar doses. 

9. While a significant lowering of the pH occurred almost uniformly in 
eases of normal urine, the reverse occurred in cases with urinary -infections. 
In the latter the pH rarely fell and usually rose. The reason for this differ- 
ence requires further study. 

10. The acute toxicity of gluconie acid and ammonium gluconate is low. 
Only temporary fluctuations in the blood pressure are produced by an intra- 
venous injection of a 10 per cent solution of gluconic acid or of ammonium glu- 
conate in a dose of 0.5 Gm. per kilogram, equivalent to a total of about 30 Gm. 
for a man. 

11. The daily oral administration of large doses of gluconic acid to dogs and 
eats for a period of two weeks failed to produce any gross or histologic tissue 
changes. 

12. The continued administration of large oral doses of gluconie acid to 
normal human subjects also failed to produce any pathologie renal changes, as 
evidenced by the absence of blood, protein, casts, and sugar in the urine. 

13. Glueonie acid and ammonium gluconate appear to be equally effective 
in lowering the pH of the urine in man in the absence of urinary infection. 
To produce this effect, single doses of about 10 Gm. or more are necessary, and 
these cause gastrointestinal disturbances in about one-half of the cases. In 
individuals with infected urine the effect of these compounds on the pH of 
the urine is much less certain, more often causing a diminished acidity. 
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INVESTIGATION OF PROTECTIVE ANTIBODIES PRODUCED BY 
ORAL ADMINISTRATION OF TYPHOID VACCINE* 


H. D. Moor, M.D., anp Brown M.S., M.T. 
OKLAHOMA City, OKLA. 


HIS investigation was carried out with the cooperation of the Army Medical 
School. Colonel J. F. Siler outlined the procedure to be followed and the 
laboratory work was carried out under the direction of Lieutenant Colonel G. C. 


Dunham. 
The Bacteriology Department of the University of Oklahoma carried out 


the following steps in the investigation: 

1. Twenty-five adult individuals (20 females, 5 males) who gave a nega- 
tive history for typhoid fever and for antityphoid vaccination were tested. 

2. Twenty cubic centimeters of blood were secured from each. 

3. The sera were separated and an agglutination titration was run on each 
serum. 

4, The remainder of the sera was then carefully packed in sterile vaccine 
bottles under strict aseptic precautions and shipped to Lieutenant Colonel G. C. 
Dunham at the Army Medical School in Washington, D. C. 

5. Here under his supervision mouse protection tests were carried out. 

Following these preliminary agglutination titrations carried out in our 
laboratory and the titration of the protective antibodies by Lieutenant Colonel 
Dunham, each of the 25 individuals was given a course of oral typhoid vaecine 
consisting of three capsules taken at twenty-four-hour intervals, and containing 
in each capsule, ten thousand million heat-killed typhoid bacilli, Panama Carrier 
Strain No. 58. One capsule was taken on three successive mornings, one hour 
before breakfast. 

Two and six weeks after the oral administration each individual’s blood 
serum was titrated in our laboratory for agglutinin antibodies and samples 
were forwarded to Lieutenant Colonel Dunham in Washington, where they were 
tested for protection antibodies by the mouse protection tests. The results of 
these tests appear in Tables I and II. 

These results confirm those previously published by us and others regard- 
ing the agglutinin antibody content in the blood of individuals orally vaccinated 
for typhoid fever (Hoffstadt and Thompson,’ Hoffstadt and Martin,? Pijper 
and Dau,’? Simons,‘ Crimm and Short’). 

The results of the mouse protection tests for protective antibodies in the 
blood sera of the orally vaccinated individuals were practically 100 per cent 
negative. 

The slight protection given the mice by the blood sera of three of the volun- 
teers can be explained on the basis: of experimental error, or it might be due 


to the ‘‘anamnestic’’ phenomenon. 


*From the University of Oklahoma School of Medicine, Oklahoma City. 
Received for publication, June 7, 1940. 
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In a previous publication® we pointed out the advisability of testing the 
sera of orally vaccinated people by the mouse protection method, as well as try- 
ing chemical killing of the vaccine instead of heat killing. 


TABLE I 


AGGLUTINATION TESTS—ORAL VACCINATIONS 


‘. AGGLUTININS AGGLUTININS 2 WEEKS | AGGLUTININS 6 WEEKS 
cneumun BEFORE VACCINATION AFTER VACCINATION AFTER VACCINATION 
LA. No agglutination 1-20 /Partial agglutination Partial agglutination 
1-80 1-320 
2. E. B. No agglutination 1-20 |Partial agglutination (Partial agglutination 
1-80 1-320 
3. J. C. No agglutination 1-20 /Partial agglutination [Complete agglutination 
- 1-160 
No agglutination 1-320 
4.M. E. No agglutination 1-20 |Partiel agglutination Partial agglutination 
1-80 1-320 
5. J. M. No agglutination 1-20 |Partial agglutination Complete agglutination 
1-80 - 
No agglutination 1-320 
6. K.-S; No agglutination 1-20 |Complete agglutination |Partial agglutination 
1-80 1-320 
7. M. J. No agglutination 1-20 (Complete agglutination |Partial agglutination 
1-80 1-320 
8. L. M. F. No agglutination 1-20 [Partial agglutination |Complete agglutination 
1-80 1-160 
No. agglutination 1-320 
9,8. au. No agglutination 1-20 |Partial agglutination Partial agglutination 
1-80 1-320 
10. Mrs. J. H. |No agglutination 1-20 |Partial agglutination |Complete agglutination 
1-80 1-160 
No agglutination 1-320 
11. C. EB. 1. No agglutination 1-20 |Complete agglutination |No specimen obtained 
1-80 
12. A. W. No agglutination 1-20 |Complete agglutination |Partial agglutination 
1-80 1-320 
mois T. No agglutination 1-20 |Complete agglutination |Partial agglutination 
1-80 1-320 
14. F. 8. No agglutination 1-20 [Partial agglutination Partial agglutination 
1-80 1-320 
iD. BR: C. No agglutination 1-20 |Partial agglutination Partial agglutination 
1-80 1-320 
16. H. M. C. No agglutination 1-20 |Partial agglutination Partial agglutination 
1-80 1-320 
ays Vcueks No agglutination 1-20 |Partial agglutination No specimen obtained 
1-80 
18. Mrs. MeM. |Partial agglutination (Complete agglutination |Complete agglutination 
1-20 1-80 1-320 
Partial agglutination Partial agglutination 
1-160 1-640 
19. G. N. No agglutination 1-20 [Partial agglutination Partial agglutination 
1-80 -32 
20 No agglutination 1-20 |Partial agglutination Partial agglutination 
1-80 1-320 
21. B. T. No agglutination 1-20 |Partial agglutination |Complete agglutination 
1-80 1-320 
No agglutination 1-640 
22. No agglutination 1-20 |Partial agglutination |Partial agglutination 
1-80 1-320 
23. D. No agglutination 1-20 |Partial agglutination |Complete agglutination 
1-80 1-160 
No agglutination 1-320 
24. L. S. No agglutination 1-20 |Partial agglutination |Partial agglutination 
1-80 1-320 
25. B. B. No agglutination 1-20 |Partial agglutination |Partial agglutination 
1-80 1-320 
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Vaccines killed with formalin have been tested in the Army Medical School 
Laboratory by Siler and Dunham,’ using the mouse protection tests. The re- 
sults of these tests showed practically no advantage in chemically killing the 
vaecine over the heat killing. 

TABLE IT 


SERUM PROTECTION TESTS OF ORALLY VACCINATED INDIVIDUALS 


NO. OF M.L.D.S AGAINST WHICH 0.1 C.C. 
sass AMOUNTS OF SERUM PROTECTED ALL 
SERUM NO. INDIVIDUAL MICE 
ee 2 WEEKS AFTER | 6 WEEKS AFTER ~ 
VACCINATION VACCINATION 

0- 1 AS. Bi 
0- 2 E. B. 1 i -1 
0- 3 J. C. -1 -i1 
0- 4 M. E. 1 -1 -1 
0- 5 J. M. - - 1] -1 
0- 6 K. S. -1 -1 
0- 7 M. J. M. 1 -1 -1 
0- 8 1 1 
0- 9 Gs 1 

0-10 Mrs. «J. -1 -1 -] 
0-11 Pea. 10 100 1 
0-12 A. W. 10 10 1 
0-13 -1 -1 -1 
0-14 F. 8S. -1 -i1 -1 
0-15 -i1 -1 1 
0-16 H. M. C. -i1 -i1 -1 
0-17 -1 -1 
0-18 Mrs. MeM. ak -1 -1 
0-19 G. N. -1 -1 -1 
0-22 K. E. 1 1 10 
0-23 Dy P, -1 -1 1 
0-24. L. S. -1 -1 
0-25 -1 -1 10 


In our previous experiments we did not test for the H agglutinins because 
we felt at the time that heat killing the vaccine destroyed the H antigen. Crimm 
and Short, using the same sirain of B. typhosus in preparing typhoid vaccine 
for oral administration, and orally administering it in the same way we did, 
have been able to demaniicins the presence of H agglutinin antibodies for B. 
typhosus in the blood sera of people orally vaccinated. 

The combined results of practically all the experiments with oral admin- 
istration of typhoid vaccine to date show that agglutinin antibodies both O and 
H for B. typhosus are found in the blood sera of individuals following the 
vaccination. 

Agglutinin, precipitin, and lytic antibodies for B. typhosus have been 
demonstrated in the blood sera of people orally vaccinated for typhoid by Hoff- 
stadt, Thompson, and Martin. Protective antibodies as revealed by the mouse 
protection tests at the Army Medical School, Washington, D. C., failed to show 
their presence in any significant quantity. Various field trials with oral typhoid 
vaccine in South America, Africa, and Europe have had encouraging results. 
It is, therefore, reasonable to state that the oral administration of typhoid vac- 
cine may possibly be an effective method, but at the present time it is not ad- 
visable to accept it or to recommend it. 
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The intradermal method reported by Siler and Dunham* at the Army 
Medical School and Tuft, Yagle, and Rogers® '° at the Temple University School 
of Medicine, furnishes definite evidence that it is effective. It also practically 
eliminates the most objectionable feature of the subcutaneous administration of 
typhoid vaccine, namely, the general incapacitating systemie reaction. 
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COMPLEMENT FIXATION WITH SPECIFIC ALLERGENS IN HAY 
FEVER 


I. PropLEM, PRocEDURE, DIAGNOSTIC VALUE 


M. EK. Hensei, M.D., AND J. M. M.D. 
ANN Arpor, MICH. 


T IS still a moot question whether the treatment of hay fever and asthma with 

specific antigens immunizes or de-immunizes (desensitizes, de-allergizes). Dif- 

ferent methods (skin tests, conjunctival tests, Prausnitz-Kiistner reaction) gave 
highly contradictory results to different investigators. 

The first theory offered is that of Noon,’ who considered the offending pro- 
tein as a toxin against which the body forms an antitoxin. Noon, therefore, 
aimed at active immunization and tried to increase the antitoxin titer in the 
tissues, using the conjunctival test as a means of checking his theory. After 
each therapeutic inoculation he found a decrease in the degree of conjunctival 
reaction during the first few days, followed by a rise to a higher level if a 


*From the Allergy Clinic, Department of Internal Medicine, University of Michigan Medi- 
eal School, Ann Arbor. 


Received for publication, June 10, 1940. 
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proper amount of ‘‘toxin’’ had been given. Noon’s findings with regard to 
the negative phase and the following peak of immunity correspond to those of 
Brieger and Ehrlich,’ and of Wright* in their experiments with bacterial vac- 
eines. Freeman* and Cooke’ adopted this view. Pasteur-Vallery-Radot, and 
Haguenau,® however, obtained opposite results by a different method of treat- 
ment. They gave daily intracutaneous injections to an asthmatic patient sensi- 
tive to horses and observed that the patient’s diminishing susceptibility to the 
presence of horses was accompanied by a decrease of his skin reactions, which 
finally disappeared entirely. Cooke, on the other hand, did not see any decrease 
of skin reactions during specific treatment, whether the patients were benefited 
or not. Levine and Coca’ investigated the serum of allergic patients by means 
of the Prausnitz-Kiistner reaction (passive transfer). They found that during 
a short course of pre-coseasonal treatment the reactions decreased if some eases, 
and increased in others. They conclude that their study furnished no proof 
that the effect of specific treatment of atopic conditions is due to desensitization. 
Colmes and Rackemann® state that the success of preseasonal specific treatment 
is independent of the degree of the skin reaction at the end of the course, and 
that the degree of skin reaction is not related to the total dose given. Black® 
emphasizes that the question as to what is being done by specific treatment is 
still open to investigation. Baldwin and Glaser’ state that there is no corre- 
lation between skin reactivity and the success of treatment and decrease of the 
reactivity of the mucous membranes. The passive transfer gives inconclusive 
results. 

An entirely different method of approach was employed by Walker™ and 
Albus” who used complement fixation tests. 

Walker studied a group of,30 patients who by history and skin tests were 
sensitive to one or several of the following proteins: horse dander, eat hair, 
wheat, and Staphylococcus aureus. The complement fixation with the offending 
proteins was positive in some patients, negative in others. In all patients who 
had a positive complement fixation, this was decreased by specific treatment. A 
negative complement fixation would stay negative throughout the treatment. 
Nonallergie persons had negative complement fixation. Albus studied 8 hay 
fever patients who had a positive complement fixation with those pollens (grasses 
and trees) to which which they were sensitive according to history and skin 
tests. The complement fixation was found negative after a course of pre- 
seasonal treatment sufficient to relieve the symptoms. Albus claims that the 
necessity of treatment in the following year may be judged by the result of a 
complement fixation test performed before treatment is begun. 

Contrary to the other methods mentioned, the complement fixation test 
eave consistent results to those who used it, and appeared to offer an opportunity 
to study in detail the patient’s reactivity during the different phases of specific 
treatment. We decided, therefore, to adapt Albus’ methods to the conditions 
of the Midwestern States, and to repeat his study on a larger number of pa- 
tients, and in more extensive fashion. 


PROCEDURE 


Albus’ method is the complement fixation test as modified by Hecht.'* It 
was first applied to allergic patients by Jaffe.* Active human serum and un- 
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sensitized sheep cells form the hemolytic system. Inhibition, in the presence of 
an antigen, of the normal hemolytic power of the active serum indicates the pres- 
ence of specific antibodies and is considered a positive test. The method re- 
quires determination of the hemolytic titer of each individual serum before the 
actual test is performed. 

Technique.—F or the preliminary reaction 0.2 ¢.c. of the serum and 1.0 ee. 
of normal saline were placed into each of ten Kahn tubes and incubated at 37° 
C. for thirty minutes. Then graded amounts of a 5 per cent suspension of 
freshly washed sheep blood corpuscles were added, the gradations beginning 
with 0.1 ¢.c. of the suspension in the first tube and successively increased in each 
following tube so that the last tube receives fully 1.0 ¢.c. of red blood cells. 
The tubes were incubated once more at 37° C. for thirty minutes, and the reaction 
was read at the end of this time. The highest amount of sheep cells, which had 
become completely hemolyzed, was recorded. The procedure for the actual test 
was similar, but the normal saline was replaced by solutions of the antigen under 
investigation. One ecubie centimeter of graded antigen dilutions was placed 
into each tube with 0.2 ¢.c. of serum and incubated for half an hour. After 
this time a proper amount of sheep cells, as determined in the preliminary test, 
was added to each tube, and the mixture was incubated once more for thirty 
minutes. The reaction was read at the end of this time, and again after being 
placed in the icebox for twenty-four hours. The highest dilution of antigen 
is recorded which shows nonhemolyzed sheep cells. 

Antigens.—Extracts of the dried pollens of short ragweed, orchard grass, 
and June grass were used as antigens. Normal saline, rather than Coca’s solu- 
tion,’ was used as the extracting fluid because the presence of a preservative 
might influence the test. A weighed amount of the pollen was extracted with 
100 ¢.c. of normal saline (for intravenous use) in the icebox at 5° C. for forty- 
eight hours. The fluid was then filtered through a Seitz filter, and was ready 
for use if proved sterile in aerobic and anaerobic cultures. Two different ex- 
tracts were prepared of each species of pollen. An extract of 5 Gm. of pollen 
in 100 e.ec. of saline was ealled ‘‘concentrated,’’ while an extract of 1 Gm. in 
100 ¢@.e. was used as ‘‘stock fluid’’ (dilution No. 0). From this solution pro- 
gressive dilutions were obtained by mixing a measured quantity with an equal 
amount of normal saline and repeating this procedure with part of the diluted 
solution. The antigen solutions in Table I were used. 


TABLE 


CONCENTRATION DESIGNATION 


5:100 Concentrated 

1:100 Stock fluid (No. 0) 
1:200 Dilution No. 1 
1:400 Dilution No. 2 
1:800 Dilution No. 4 
1:1,600 Dilution No. 8 
1:3,200 Dilution No. 16 
1:6,400 Dilution No. 32 


EXPERIMENTAL WORK 


a. Controls. In order to test the specificity of the reaction, and at the 
same time determine the anticomplementary properties of the pollen extracts, 
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TABLE II 


RESULTS OF COMPLEMENT FIXATION TESTS ON UNTREATED HAy FEVER PATIENTS AND CONTROLS 


COMPLETELY POSITIVE UP TO DILUTION TOTAL 
NEGATIVE | CONC.| NO. 0| NO. 1]NO. 2|NO. 4] NO. 8|NO.16|NO. 32] TESTS 

Ragweed Unspecific range Specific range 
Controls 8 a 8 5 - - - - - 25 
Patients 1 - 3 2 3 2 2 2 6 27 
Orchard Grass Unspecific range Specific range 
Controls 13 2 9 - - 24 
Patients 1 1 3 1 2 - 1 1 2 14 
June grass 
Controls 16 5 1 = = = 22 
Patients - 1 5 2 2 - 1 2 13 


a number of persons in whom pollen sensitization could be excluded were used 
as controls (Table IT). 


Twenty-five sera of normal individuals and of allergic patients not sensi- 
tive to pollens were tested with ragweed antigen. While some of the sera 
showed inhibition of hemolysis (complement fixation) with high concentrations 
of this extract, none reacted with any dilution higher than No. 1 (1:200). On 
this basis complement fixation with No. 2 and higher dilutions of ragweed ex- 
tract was considered specific in our later work. Twenty-four of these sera were 
also tested with orchard grass antigen. Sixteen sera of the same group and six 
sera of hay fever patients not sensitive to June grass were tested with June 
grass antigens. Reactions oceurred only with concentrated and stock fluids. 
Therefore, complement fixation with No. 1 and higher dilutions of orchard 
grass and June grass extracts was considered specific. 

b. Hay Fever and Asthma: Cases—The sera of 51 patients who had, or 
had had, symptoms of pollinosis were examined by the complement fixation 
method. All these patients had been found sensitive to one or more of the 
pollens by both history and scratch tests. Many patients were examined more 
than once, and with few exceptions all three pollen extracts were used in each 
instance. 

For our purposes the patients were divided into two major groups: those 
who had never had specific treatment or who had interrupted such treatment for 
a prolonged period, and those who were examined while they were receiving 
perennial treatment at regular intervals. The first group only will be considered 
in this communication. 

There were 25 patients who had suffered from hay fever for from sixteen 
months to thirty years prior to examination. Eighteen persons of this group 
had never had specific treatment; 6 patients had had preseasonal and coseasonal 
treatment in previous years, but had not received injections for periods rang- 
ing from seven weeks to eleven months. The results of the complement fixation 
test were essentially similar in these two classes, and will be discussed together. 

Twenty-three patients were sensitive to ragweed, 12 were sensitive to or- 
chard grass, and 11 were sensitive to June grass. Blood for serologic examina- 
tion was taken usually shortly after, occasionally before, the diagnostie scratch 
tests were administered. At this first examination 22 of 23 patients sensitive to 
ragweed showed some degree of complement fixation with ragweed antigen; 11 
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of 12 patients with orchard grass sensitization reacted with orchard grass ex- i 

tract, and all 11 patients sensitive to June grass showed inhibition of hemolysis r 

with June grass. The general range of antibody titers was definitely higher a 

TABLE IIT 

RESULTS OF SKIN TESTS AND COMPLEMENT FIXATION TESTS IN 25 UNTREATED CASES OF V 
Hay FEVER 

COMPLEMENT fi 

DURATION FIXATION TESTS | 

OF SHORT SHORT| OR- REMARKS 

nay Fever | Rag- | ORCHARD | JUNE rac- |onann] JUNE 

WEED WEED | GRASS ( 

32 32 

26 years 10/27/37|No. 

32 v 
5 years |t+++ 11/16/37|No. t 
32 0 

Since child- }++++ 4/12/37|No. . |Tree | 

hood 32 pollens t 

+++ t 

20 years 3/24/37|No. t 
8/23/37|No. 

32 ( 

22 years 4/ 5/37\No. 

4/ 8/37\No. t 
10/29/37|No. 
32 S 

Since child- 1/12/37|No. R 
hood 16 ‘ 

Many years 11/10/37|No. 

16 f 

15 months 11/10/36|No. 
1 year 7/ 1/37|No. 

Sinee child- 8/26/37|No. 
hood 

Since ehild- 10/25/37|No. 
hood t 
7 years 4/ 2/37\No. { 

6/11/37|No. 

Since child- 10721/37|No. 
hood t 
5 years 6/ 8/37|No. \ 

Many years 3/30/37|No. 

4/ 2/37|No. 

First season 10/27/37|No. 

37 1/37|No. 

3/ 5/37|No. 

years 10/22/37|No. 

years 5/ 7/37|No. 

years 10/20/37|No. { 
years 2/19/37|No. 

years 7/ 8/37|Neg. 

é 

Since child- 4/10/37 
hood 

10 years +] 5/24/37 
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in hay fever cases than in the control group, there was a wide variation of 
reactivity, and only twelve, five, and five tests, respectively, were within the 
specific range. The amount of reagin in the serum appeared to be independent 
of the degree of positivity of the skin tests (Cases 4, 7, 22, 25). Neither was 
the age of the patient, the duration of the disease, nor the time of the year at 
which the blood was taken in any constant relationship to the antibody titer. 
Repetition of the test, however, furnished some interesting findings. In 
five cases we were able to obtain another blood sample at a later date. Case 
13 was re-examined two months after the first serologic test, two days after 
the administration of positive scratch tests. The antibody titer had increased. 
Cases 6, 16, and 18 were checked a few days after the first examination which, 
in these cases, practically coincided with the skin tests. The antibody titer for 
ragweed had increased in two of them; it was still lower in Case 18, a farmer 
who was continuously exposed to ragweed in his occupation. It is reasonable 
to assume that the diagnostic scratch test had brought about a partial increase 
of floating antibodies in those patients who were not otherwise in contact with 
the pollens at that particular time of the year. Case 6 was seen once more at 
the end of the ragweed season without having received specific treatment in 
the interval. This time she reacted to all three antigens in the highest dilutions. 
Case 5 had been first examined before the beginning of the ragweed season. 
Because her history was not entirely significant for ragweed sensitization, and 
because she had positive skin tests for molds in addition to the one for ragweed, 
she was started on injections with mold extracts. She spent most of the ragweed 
season in the northern part of Michigan and was free of symptoms. Three days 
after returning home she developed a severe asthmatic state which lasted for 
five days before she was seen at the clinic. At that time complement fixation 
with ragweed was strongly positive. 


COMMENT 


The titration of antibodies for diagnostic purposes by the complement fixa- 
tion test, as it was undertaken in this study on 25 normal persons and 25 hay 
fever patients, shows that while a positive reaction with higher dilutions of the 
specific pollen extracts is found in sensitized individuals only, there is a rela- 
tively large percentage of allergic persons who have low titers of serum reagins 
without having had ‘‘desensitizing’’ treatment. The test does not appear to be 
suitable to replace the skin tests in the diagnosis of hay fever. It promises, how- 
ever, to be a valuable tool for the investigation of the mechanism of pollinosis. 

Our experiments show—in agreement with the results of previous workers 
—that specific antibodies can be demonstrated in the serum of hay fever patients 
both in and out of season. It is apparent that skin reactivity and the quantity 
of floating antibodies do not parallel each other, and that the serum reagins 
are more variable than the reactivity of the skin, a result which conforms with 
the experiences of protein sensitization of animals (Kahn). Cases 4, 7, 22, and 
particularly 25, show in addition that in the same blood sample there may be 
a high antibody titer for one antigen and a low titer for another; the corre- 
sponding scratch tests show just the opposite result. Fluctuations of reagin 
titer occurred in three of four cases following a diagnostic scratch test. This 
makes it likely that had the examination heen repeated in other instances, posi- 
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tive complement fixation would have been found in a much larger percentage 
than our tables suggest. The alteration of the antibody titer following a scratch 
test tends to emphasize two advantages that a serologic examination has over 
a skin or mucous membrane test in the investigation of the allergic mechanism. 
The serologic reaction enables us to test the amount of antibodies available in 
the body at any precise moment, and it does not influence the allergic state of 
the patient. The administration of even a minute quantity of the allergen to 
one of the body surfaces, however, causes the organism to react, and will in it- 
self influence the result of the next examination. 


Case 4 suggests, on the other hand, that the antibodies which are demon- 
strated by the complement fixation test are not identical with the reagins re- 
sponsible for the Prausnitz-Kiistner reaction. In this case a blood sample 
taken three days after the scratch test showed a positive complement fixation 
with ragweed, low titers for orchard grass and June grass. A passive transfer 
performed with the same serum was positive for all three allergens. 


SUMMARY 


Hecht’s modification of the complement fixation test was used to determine 
the amount of specific antibodies in the blood of patients suffering from hay 
fever. Extracts of the pollens of short ragweed, orchard grass, and June grass 
were used as antigens. 

Twenty-five normal controls showed only occasional reactions with highly 
concentrated extracts. Twenty-five hay fever patients who either had received 
no specific treatment at all, or had received no treatment recently, showed reac- 
tions with much higher dilutions of the allergens, particularly if examined 
repeatedly under varied conditions. 

The significance of fluctuations of the antibody titer has been discussed. 
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AN EVALUATION OF THE IMPORTANCE OF FUNGI IN 
RESPIRATORY ALLERGY 


G. L. Waupsort, M.D., K. E. Buatr, M.D., ano A. B. ACKLEy, PH.D. 
Detroit, Micu. 


ONSIDERABLE attention has been focused recently upon the relation of 
fungus spores to allergic diseases of the respiratory tract. At times large 
quantities of wind-borne spores may be present in the air; fungus seasons similar 
to pollen seasons have been noted; skin tests to fungi are often positive. How- 
ever, the question as to how much symptoms of respiratory allergy are actually 
due to molds is still highly controversial. During the past three years we carried 
out, in collaboration with Ascher,’ a comprehensive study of this question which 
included both an air survey and a clinical follow-up study. 


AIR SURVEY 


A brief review of the air survey is necessary for the present report. One 
of us (A. B. A.) exposed Sabouraud plates each day for the period of one 
year. Proper controls were made throughout the duration of the survey by 
exposure of plates at the same time and under the same experimental conditions 
3 feet and 90 miles apart. Other controls included simultaneous exposures at 
different heights and in twenty-three different habitats for fungi throughout 
the city, such as in a bakery, butcher shop, pigpen, chicken coop, and barnyard. 
Clear patterns for the presence of certain fungi were recognized which tended 
to tally in all these different exposures on certain days and during certain 
seasons. Individual differences, however, were very pronounced. Precipitation 
and low barometric pressure tended to free the air temporarily from fungus 
spores. Inland winds, as well as high pressure, increased the count. Continued 
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freezing and subfreezing weather inhibited propagation of spores. Among the 
perennial fungi (Graph 1) Penicillium, yeast, and Torula produced the greatest 
number of colonies. Alternaria and Monilia, while present throughout the year, 
showed a distinct seasonal increase, namely, Alternaria from July to November 
and Monilia from May to November. Another seasonal increase was observed 
for yeasts and Torula in the early part of the year. In June and early July rust 
was found on slides which we exposed simultaneously with the culture plates, 
and smut occurred from July through October. 


1937 1938 
February [March 


A. 


Graph 1.—-Air survey. Scale—%4 inch equals 100 colonies. (No count from latter part of Feb- 
ruary to first part of March due to illness of A. B. A.) 


METHODS 


In this study the following methods were employed: (1) Intradermal skin 
tests with fungus extracts. (2) Fungus cultures and microscopic examination 
of smears from nasal and bronchial secretions. (3) Symptom ‘‘calendars’’ for 
each patient during the period of the fungus survey. (4) Exposures of fungus 
plates in patients’ homes. We refrained from making extensive passive transfer 
studies because we found these tests less conclusive than skin tests. 


By 
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SKIN REACTIONS 


Comparison of Individual Fungi.—With the thirteen genera of fungi* most 
frequently encountered in the air survey, intradermal skin tests were performed 
on 841 patients with upper respiratory allergy. The dry extracts were prepared 
according to the method of Feinberg.2 The average reactions determined for 
each fungus per patient are shown in Graph 2.t A total of 580 patients, or 69 
per cent of the entire group, gave positive reactions to one or more fungi. 
Alternaria, Monilia, Epidermophyton, and rust predominated slightly in skin 
reactivity over the others. Torula and Rhizopus gave the weakest reactions. 


one plus 


(+) 


Absidia 
Alternana 
Aspergillus 
Epidermophyton 
Hormodendrore 
Monilia 
Mucor 
Peniciltum 
Rhizopus 
Trichophyton 
Torula 

Yeast - 

Rust 
Smut 


Graph 2.—Average skin reaction (+ to ++++) for each fungus (841 patients). 


Comparison in Different Types of Cases.—On the basis of history and clini- 
cal behavior the 841 cases were subdivided into the following groups: (1) Pa- 
tients with seasonal hay fever (267 cases) and asthma (182) due to pollen. 
(2) Nasal allergy (110 cases) and asthma (219) occurring seasonally but not ac- 
counted for by pollen. (3) Perennial upper respiratory allergy, namely, 38 cases 
of asthma and 25 of vasomotor rhinitis. (4) In addition to these three groups 
with a total of 841 patients, 39 cases were included for comparative purposes, 
namely, 28 cases of chronic sinus infection and 1). cases of bronchiectasis. In 
these patients an allergic basis for the infectious state could not be definitely 
established. No noteworthy data were detected by thus subdividing our cases. 
Especially in the second group of seasonal ‘‘nonpollen’’ allergy in which fungi 
were suspected to be major causative agents, the skin reactions coincided well 
with those of the other patients. Those of the first group, primarily sensitive to 


*According to Jadassohn and others (J. Immunol. 32: 203, 1937), the individual species of 
a fungus behave antigenically like the others of the same genus. We, therefore, refrained from 
identification of the species. 

+They were obtained by adding all the plus marks in all patients for the respective organ- 
ism and dividing the total by the total number of patients. 
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pollen, gave stronger positive reactions to fungi than those in the second and 
third groups. To our surprise, reactions encountered were by far stronger 
among the cases with chronic sinusitis than in any other patients. 

Comparison With Other Antigens—In an attempt to compare the total 
number of skin reactions obtained for fungi with those for other antigens in the 
841 patients, Graph 3 was established.* If measured by the standard of skin 
reactivity, fungi are considerably less important than pollens and epidermals 
but about equally as important as foods. 


one plus 


Epidermals 


Foods 
Pollen 


Fungi 


Graph 3.—Comparison of reactions to fungi with those of other antigens. 


Constancy.—Skin reactions to pollen are known to remain positive for a 
long time. The minor reactions to foods and epidermals are subject to great 
variations while the majority of the three- and four-plus reactions to foods 
remain rather stable (Waldbott and Ascher’). Eighty-one of our patients were 
tested twice and 15 were tested three times for the same fungi. Only a few of 
the three- and four-plus reactions remained positive upon subsequent testing. 
The minor reactions tallied only very rarely with those of the original tests. 


CULTURES FROM RESPIRATORY SECRETIONS 


Of 442 cultures grown on potato dextrose agar medium of a pH 5.5 (222 
from nasal secretions, 220 from bronchial secretions) 26 showed no growth, 18 
showed sterile hyphae only, and 124 developed bacterial growth. In 274 cultures 
fungi were grown, Penicillium predominated in 122, then followed Alternaria 
(62), Monilia (48), and yeast (42). Aspergillus, Hormodendrum, and Torula 
were less prevalent. The heaviest growths occurred in October and November. 
Hormodendrum, <Alternaria, and Aspergillus were present only from July 
through November. In the majority of cases we did not consider positive sputum 
cultures diagnostic, but merely incidental. It is likely to occur in practically 
any respiratory secretion. In only 5 patients was the same fungus grown twice. 
In 9 of the 442 specimens the microscopic examination with and without stain- 
ing revealed mycelia which we were unable to identify. Alternaria spores were 
found in 3, Monilia in 3, and yeast in one. 


*Since in our routine testing many more tests for foods are made than for pollen, epi- 
dermals, and fungi, we had to put the results on a comparative basis: The total number of 
plus marks in all patien‘s for one group of antigens was divided by the number of antigens in 
this group. 
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SYMPTOM CALENDARS 


At the outset of our study every patient was provided with a printed form 
on which he was to record the degree (one plus to four plus) as well as the dates 
of his symptoms throughout the year. For several months we checked rather 
earefully the occurrence of the symptoms with each peak of our fungus curve. 
When there was a general increase of the fungus content in the air, for instance 
in late October and November, most patients showed a more or less pronounced 
tendency to be worse. This we were not able to attribute to one specific fungus, 
nor did patients react to the majority of fungi encountered in the air on those 
days. With altered weather conditions, especially strong winds and high baro- 
metric pressure, many solid particles of organic and inorganic nature, such as 
dust, soot, insect parts, were present on the exposed slides. They could have 
provided these symptoms as well as fungi. The only definite causative agents 
established by this method were rust and smut.* This is set forth in another 
publication (Waldbott and Ascher*). There were 7 patients who exhibited 
symptoms only at the height of the rust and smut season of 1938, and 12 who 
suffered marked exacerbation at the time. 


HOME SURVEYS 


Patients who suspected factors in their home surroundings as a cause of 
their allergic symptoms exposed Sabouraud plates in their homes for a quarter 
of an hour on several oceasions. Without exception these plates showed the 
usual growth of fungi, but no abnormal predominance of a single species could 
be found. These patients were retested after the identification of the growth on 
the plate, and treated if the respeétive fungi produced positive reactions. Again 
no clear-cut relationship was established between the fungus encountered in the 
patient’s home and his symptoms. This is in line with the fact that, as men- 
tioned above, in simultaneous exposures at 23 different habitats no qualitative 
difference in the growth was noted. 


DISCUSSION 


Evidently the prevalence of a certain fungus in the air does not necessarily 
coincide with its actual clinical significance. Some fungi exhibit greater anti- 
genicity than others. Alternaria, for instance, as was also pointed out by Fein- 
berg> and Pratt,° gave the strongest skin reactions. Penicillium, which out- 
numbered all others in the cultures recovered from the air and mucous secretions, 
was considerably less important clinically. Epidermophyton, whieh grew very 
scantily on our culture plates, ranked foremost among the fungi as far as skin 
reactivity is concerned. 

In explanation of the more pronounced antigenic activity several pos- 
sibilities may be offered. Most of the fungus spores giving the strongest skin 
reactions are larger in size than the weaker reacting ones. Rust and most smuts 
are spiculated, thus being local irritants when in contact with the mucous mem- 
branes. These latter fungi show a seasonal appearance and partial or complete 


’ *Rust and smut do not grow on Sabouraud plates. Their presence was determined by a 
slide survey. 
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absence from the air during the balance of the year. There is usually a sudden 
increase in their concentration when they first appear in the air. All these 
features are known to account for more pronounced symptoms with pollen. 

True respiratory sensitization due to one single fungus was encountered in 
only a few cases. This is in agreement with the scarcity of similar reports in the 
literature. But fungus infections (mycosis), which may or may not be associated 
with allergy, were found in a considerable number of cases. Since they cannot 
always be distinguished from true allergic asthma and sinus diseases, their 
incidence in this series cannot be given. The patients exhibit such symptoms 
as wheezing, coughing, nasal and sinus catarrhs which are often seasonal, usually 
occurring in late fall. Episodes of low-grade fever may occur. A family back- 
ground of allergy and eosinophilia in blood and respiratory secretions may or 
may not be present. Skin tests for other antigens are negative. The responsible 
fungus gives positive skin reactions, the degree of which varies with the different 
stages of the disease. Repeated detection of the same fungus in the cultures 
is the chief diagnostic criteria. Occasionally the x-ray appearance of the chest 
may permit the diagnosis, there being an excessive enlargement of the hilum 
shadows and small sharply delineated focal lesions, especially in the lower por- 
tions of the lungs which gives the lungs a peculiarly mottled appearance. Occa- 
sionally there are fungus lesions on the skin, especially in the body folds, from 
which the organisms can be grown. Oral and intravenous administration of 
iodides may be of diagnostic value since it often affords prompt clinical improve- 
ment in certain fungus infections. 


SUMMARY 


1. The role played by fungi in respiratory allergy (asthma and allergic 
nasal disease) was investigated by an atmospheric survey of fungi, and a clinical 
study of 841 patients with upper respiratory allergy was made. This study 
covered intradermal skin tests, fungus cultures, and microscopic examinations 
of nasal and bronchial secretions, a follow-up of the dates of the patients’ symp- 
toms by means of ‘‘symptom calendars,’’ and fungus surveys in the patients’ 
homes. 

2. Skin reactions to one or more fungi were positive in 69 per cent of the 841 
allergic patients. Fewer positive reactions were obtained to fungi than to 
pollens and epidermals, but about as many as to foods. The strongest positive 
reactions to fungi occurred in patients who also reacted strongly positive to 
other antigens. 

3. In the cultures from nasal and bronchial secretions, Penicillium, Al]- 
ternaria, Monilia, and yeast prevailed. During October and November fungi 
grew more abundantly from the respiratory secretions than at any other period. 

4. Plates exposed in patients’ homes revealed no characteristic habitats of 
fungi in any single case. 

5. The follow-up of the dates of symptoms indicates that respiratory allergy 
due to one single fungus is very rare. More often fungi are complicating factors 
in multiple sensitive patients with asthma and vasomotor rhinitis. During the 
summer months the most common offenders are smut, Alternaria, and rust. As 
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such they should be given special consideration in the treatment of hay fever. 
Penicillium, which was by far the most common fungus found in the atmosphere, 
homes, and mucous secretions, was of relatively minor significance clinically. 

6. Some of our cases were found to simulate merely asthma and vasomotor 
rhinitis. They represented true fungus infections. The diagnostic criteria in 


these cases are outlined. 
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A COMPARISON OF SURFACE TENSION MEASUREMENTS AND 
HEMOLYTIC ACTIVITY OF GUINEA PIG COMPLEMENT* 


J. E. Faser, Jr., Pu.D., anp L. A. Buack, Px.D., Park, Mp. 


XPLANATIONS of immunity reactions have frequently been based upon 
the colloidal nature of sera. The inactivation of complement by -heat or 
exposure to ultraviolet light has been reported to cause an alteration of colloidal 
state measurable by a lowering of surface tension. * Injections of experimental 
animals with foreign proteins, bacteria, and gum shellae® ® ?° have been reported 
to decrease surface tension, probably through some change in physicochemical 
equilibrium within the serum, and probably not due to the presence of antibodies. 
These variations have usually been recorded as ‘‘time drops,’’ the difference 
between initial or dynamic surface tension and static surface tension measured 
after a two-hour period when all surface active substances are adsorbed in the 
surface layer. Since a variation in complement potency might be correlated 
with a change in surface tension, the time drops of a number of sera were de- 
termined during a study of guinea pig complement. ; 
Blood serum loses its hemolytie activity when heated to 56° C. According 
to Zinsser,’ several investigators reported that during heating there was an ag- 
gregation of particles which lowered the surface tension. Upon standing, the 
complement spontaneously reactivated itself, accompanied by a gradual restora- 
tion of surface tension. The gradual deterioration of unheated complement on 
standing was compared to the slow settling out of colloidal suspensions. Shaking 
was reported to cause inactiviation of complement, probably by coagulation, but 
whether this is accompanied by a drop in surface tension was not investigated. 


*From the Department of Bacteriology, University of Maryland, College Park. 
Received for publication, June 10, 1940. 
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Schmidt? reported that the surface tension of a serum did not permit any 
inference to be drawn as to its complement activity. Segale* verified a lower- 
ing of surface tension upon heating or aging serum. Ultramicroscopic examina- 
tion revealed aggregates of particles, whose removal restored the surface tension. 
The addition of these to fresh sera lowered surface tension but did not change 
the complement activity. Neither Schmidt nor Segale used the du Noiiy tensiom- 
eter. Brooks,‘ using a Traube stalagmometer, found a slight decrease in surface 
tension of complement after inactivation by ultraviolet light, but believed this 
was like that found after thermo-inactivation and not the cause of the change in 
hemolytic power. 


Much work on surface tension of serum was done by du Noiiy who, through 
immunization experiments, showed that sera of immune animals gave a greater 
time drop than normal animals.*»* Sera of immunized animals reached a maxi- 
mum time drop in about thirteen days, then decreased and finally disappeared 
in about thirty days, with further immunization of the same or different kind 
causing no more change. Thus the injection of an antigen resulted in a physico- 
chemical disturbance measurable by an increased time drop, possibly independent 
of antibody formation. 


Yagle’ found little value in surface tension measurements of normal and 
syphilitic sera and concluded that reagins were not more surface active than 
other substances in normal sera. 


Ramsdell* used a du Noiiy tensiometer for surface tension measurements 
to obtain evidence of a denaturing effect of precipitin reactions upon either 
antigen or immune serum, and obtained negative results. He® showed an in- 
creased time drop with serum from sensitized guinea pigs and concluded that 
antibody formation could not be involved since the sensitized state remained 
after the surface tension of the serum had returned to normal. 


Following the intravenous injection of gum shellac, Hayman’? detected an 
increased time drop and believed this indicated changes in the physicochemical 
state of plasma. 


EXPERIMENTAL 


Guinea pigs were lightly etherized and 2 ¢.c. of heart’s blood was aseptically 
withdrawn for complement. This was placed in a sterile agglutination tube, 
slanted, allowed to stand at room temperature for one hour, and then placed 
in a refrigerator (7° to 9° C.) for twenty-four hours before the titer was de- 
termined. Each sample was centrifuged to obtain clear serum. The hemolysin, 
which had a titer of 1:6,000, was obtained from Difco Laboratories. 


Corpuscles were obtained from a ewe, blood from the jugular vein being 
aseptically aspirated into a 30 ¢.c. syringe, immediately expelled into a sterile 
flask containing glass beads, shaken for about ten minute to defibrinate the blood, 
and refrigerated. The defibrinated corpuscles were washed the same day, three 
times or more, packed by centrifuging for twenty minutes, and made up to a 
50 per cent suspension, refrigerated, and used within two days. The corpuscles 
were made up to a 2 per cent suspension in saline for use in the tests. Through- 
out the work all diliutions were made with day-old saline only"! prepared from 
8.5 Gm. of C. P. sodium chloride and 0.1 Gm. of magnesium chloride, made up to 
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1,000 ¢.c. with cold tap water, and autoclaved for thirty minutes at 15 pounds 
pressure. 

Complement Titration—The complement was titrated by determining the 
least amount necessary to bring about complete hemolysis of 0.5 ¢.c. of a 2 per 
cent suspension of sheep cells in the presence of two units of hemolysin contained 
in 0.5 e.c. The complement was diluted 1:10 and varying amounts were used, 
ranging from 0.06«to 0.30 ¢.c., with 0.02 ¢.c. intervals. The total volume was 
made up to 3 ¢.c. with saline; saline, hemolysin, and complement controls being 
set up for each titration and titers recorded after a one-hour incubation in a 
water bath at 37° C. 

Surface Tension Determination.—Sera for surface tension measurements 
were diluted with 0.9 per cent saline, made with C.P. sodium chloride in distilled 
water. All glassware used in measuring surface tension was soaked for several 
days in cleaning solution, thoroughly rinsed in distilled water, and dried before 
use. Determinations were made with a du Noiiy tensiometer,’? using 1.5 ¢.c. of 
the diluted serum placed on a watch glass 7.5 em. in diameter. A measurement 
was made in about twenty seconds, and after the initial reading the watch glass 
was set aside for two hours before the second or static reading was made. Sub- 
tracting the first reading from the second gave the time drop. The samples of 
sera were first titrated and the surface tension was then determined after an 
interval of not more than six hours. 

Preliminary surface tension measurements using undiluted serum and 
dilutions of 1:10, 1:100, 1:1,000, 1:5,000, 1:10,000, and 1:100,000 showed the 
ereatest time drop was at a dilution of 1:10,000, thus agreeing with du Noiiy’s 
results on normal and immune sera. Accordingly, all time drops are reported on 
dilutions of 1:10,000 and at the-end of a two-hour period since equilibrium is 
reached in approximately this time. All measurements were made in a small 
room free from jarring and air currents, and at a temperature between 21° and 
23° C. Between 10 and 15 samples were tested at one time. 

Samples.—Samples of sera were obtained from pregnant female, nonpreg- 
nant female, and male guinea pigs. Only normal guinea pigs were bled, and 
their weights varied between 250 and 900 Gm. Feed was removed for eighteen 
hours before bleeding to avoid chylous sera and only clear sera were used. 
Samples 1 to 27 were sera of males, the next 18 were taken from females that 
were not obviously pregnant, and the last 7 samples of sera were from pregnant 
animals. 

The surface tension measurements and hemolytic titers of 52 guinea pig 
sera are presented in Table I. The males, pregnant and nonpregnant females 
are listed separately, and the sera are grouped according to titer. Only the time 
drops and the titers are tabulated. 

The differences in time drops of sera from individual males placed in the 
same group according to titer, and the fact that the differences in time drops 
between the most potent and least potent sera were no greater than those found 
in the same titer group, show that the surface tension measurements were with- 
out relation to hemolytic activity. Likewise no definite relationship between 
titers and surface tension measurements of either pregnant or nonpregnant 
female sera could be established. 
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TABLE I 


COMPARISON OF SURFACE TENSION.AND TITER OF GUINEA PIG COMPLEMENT 


MALES FEMALES (NONPREGNANT ) FEMALES (PREGNANT) 
TIME DROP TIME DROP TIME DROP 
(DYNES ) (DYNES) (DYNES) 
0.06* 12.4* 39 0.10* A tal 52 0.18* 14.7* 


0.06 12.9 37 0.10 8.0 
36 0.10 13.4 50 0.20 12.6 


TITER | SERUM TITER 


0.08 
0.08 
0.08 
0.08 
0.08 
0.08 


31 0.12 10.0 49 0.22 9.6 
51 0.22 12.0 
28 0.14 12.3 
44 0.14 16.8 48 0.26 12.6 


29 0.16 A 47 0.30 9.0 
0.10 46 0.30+ 17.0 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 42 0.22 
0.10 43 0.22 
0.12 40 0.24 
0.12 : 41 0.24 
0.12 
0.12 J 34 0.26 
0.14 
14 0.14 - 11.4 
12 0.16 Be 
13 0.18 8.1 
*Surface tension measurements were made with sera dilutions of 1:10,000; titrations with 

1:10 dilutions, 


38 0.18 
32 0.18 


33 0.20 
45 0.20 
35 0.20 
30 0.20 


Time drops of the same value were obtained in the three groups of animals 
irrespective of titer. If all time drops and titers are compared regardless of 
their source, such wide variations are apparent that no definite correlation can — 
be found. The two female groups tended to show greater time drops, the mean- 
ing of which is obscure. Pregnancy might interfere with the surface tension 
of sera, but this apparently did not account for the nonpregnant group. 


SUMMARY 


The hemolytic titers of 27 male guinea pigs ranged from 0.06 to 0.18 c¢.¢., 
17 being 0.08 or 0.10 ¢.c. On the whole, the titers of the 18 nonpregnant females 
were lower than those of the males, possibly because these females were selected 
from smaller animals. The highest titer obtained from these females was 0.10 
e.c., and the lowest was 0.26 ¢.c., the 18 samples so distributed between these 
titers that no one titer group predominated. 

Pregnancy definitely lowered the titer of 7 guinea pig complements ex- 
amined. However, the surface tension as measured by time drops in some in- 
stances were no greater than those recorded for nonpregnant females or males 
with materially higher titers. Nevertheless a larger percentage of sera from 
females had higher time drops than those from males. 

A larger percentage of sera from males showed time drops of less than 10 
dynes than was recorded for either pregnant or nonpregnant females. Sixty 
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per cent of the males showed a time drop of less than 10 dynes, while approxi- 
mately 27 and 30 per cent of nonpregnant and pregnant females, respectively, 
had time drops of less than 10 dynes. 

It must be concluded that the surface tension, expressed as time drop, of 52 
samples of guinea pig complement measured with a du Noiiy tensiometer, showed 
no correlation with hemolytic activity. 


REFERENCES 


1. Zinsser, H.: Resistance to Infectious Diseases, ed. 4, New York, 1931, The Macmillan 
Company, pp. 226-228. 

2. Schmidt, H.: Complement Action in Regard to Surface Tension, J. Hyg. 13: 314, 1913- 
1914. 

3. Segale, M.: Relation of Complement of Serum to Surface Tension of Serums, Inst. Pathol. 
Gen. Univ. Genoa, Patol. 1: 709; Through Ztschr. f. Immunitiatsforsch. u. Exper. 
Therap. Ref. 4: 385. Reviewed in Chem. Abstr. 5: 3700, 1911. 

4. Brooks, 8. C.: The Mechanism of Complement Action, J. Gen. Physiol. 3: 185, 1920. 

5. du Noiiy, P. L.: The Relation Between Time Drop and Serum Antibodies, J. Exper. Med. 
37: 659, 1923. 

6. du Noiiy, P. L.: On Certain Physiochemical Changes in Serum as a Result of Immuniza- 
tion, J. Exper. Med. 41: 779, 1925. 

7. Yagle, E. M.: Surface Tension of Blood Serum in Syphilis, J. Immunol. 16: 17, 1929. 

8. Ramsdell, 8. G.: Surface Tension of Sera as Affected by the Precipitin Reaction, J. 
Exper. Med. 48: 615, 1928. 

9. mea G. ‘ — Tension of Serum of the Sensitized Guinea Pig, J. Exper. Med. 

1928. 

10. Hayman, J. M.: The Effect of Gum Shellac Solution on the Surface Tension of Rabbit 
Serum, J. Exper. Med. 45: 771, 1927. 

11. Faber, J. E., and Black, L. A.: The Influence of Physiologic Salines in Complement 
Fixation Reactions, J. Las. & CLIN. MED. 21: 1069, 1936. 

12. du N re P. L.: An Apparatus for Measuring Surface Tension, J. Gen. Physiol. 1: 521, 


THE EFFECT OF CARBON TETRACHLORIDE AND THYROXIN ON 
THE DEVELOPMENT OF SENSITIVITY TO EGG ALBUMEN AND 
RAGWEED POLLEN EXTRACTS. IN THE GUINEA PIG* 


L. DunHAM, M.D., Cuicaco, ILL. 


HE present study was undertaken to determine whether acute anaphylactic 

shock in the guinea pig produced with extracts of low ragweed pollen might 
be achieved more certainly and consistently than had been reported by other 
workers.‘ Eagle and co-workers® have demonstrated that by employing ade- 
quate doses of extracts of low ragweed pollen approximately 50 per cent of 
guinea pigs might be sensitized to such a degree that fatal anaphylactic shock 
could be induced. We decided to attempt sensitization of our animals at a 
time when they were undergoing profound metabolic disturbances. Under these 
conditions rapid destruction of the antigen or overproduction of antibodies, 
factors conceivably having an adverse effect on the development of a high 
degree of sensitivity, might be altered. Carbon tetrachloride was chosen as one 
agent because it injures the liver, an organ containing an important part of 
the reticulo-endothelial system. Thyroxin was used in another experiment 


*From the Department of Medicine, University of Chicago. 
Received for publication, June 10, 1940. 
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bécause of its effect on the metabolism of the organism as a whole. Because 
attempts to affect the development of sensitivity by producing metabolic dis- 
turbance in the test animal at the time sensitizing doses of antigen were ad- 
ministered have been almost exclusively limited to extirpation of organs (Hill 
and Martin’), it seems worth while to report these studies. , 

There has been to our knowledge only one study on the possible relationship 
of liver necrosis to experimental anaphylaxis. Paul and Roth,’® using phos- 
phorus as the toxic agent in guinea pigs, produced results which indicated that 
acute phosphorus poisoning interferes with anaphylactic shock and that subacute 
phosphorus poisoning present at the time of sensitization prevents the acquisition 
of sensitivity to horse serum in 50 per cent of guinea pigs. One other study is 
of interest in this connection. Mills and Dragstedt,'! in an effort to blockade 
the reticulo-endothelial system of the liver, obstructed the common bile duct and 
produced a bilirubinemia in eight dogs. This treatment did not prevent ana- 
phylactic shock. In all but one instance the operation was done at least one 
week after the sensitizing dose of horse serum had been given. In one dog the 
common bile duct was obstructed two days prior to sensitization. This animal 
was successfully shocked twelve days later. No statement was made as to the 
presence or absence of necrosis in the livers of these dogs. These workers have 
also demonstrated that blockading the reticulo-endothelial system with India ink 
and saecharated iron oxide will not prevent anaphylactic shock in dogs.’?? They 
discussed the conflicting reports of results of blockade in small animals, as sum- 
marized by Hill and Martin. Citing some experimental work of their own, 
they concluded that it is important to administer the shocking dose of horse 
serum intravenously. The prior injection of dyes seemed to affect absorption 
of the antigen from the peritoneal cavity. It seemed worth while, however, to 
investigate the possibility that nonspecific disturbances of liver function might 
promote sensitization. We, therefore, administered the sensitizing doses of 
antigen at the time of the maximal effect of nonfatal carbon tetrachloride 
poisoning. 

Képinow and Lanzenberg,'* studying the effect of thyroidectomy on 
anaphylaxis in guinea pigs, concluded that if thyroidectomy was performed 
prior to sensitization procedures no sensitization resulted, but that thyroid- 
ectomy done twenty days after sensitization and seven days prior to shocking 
did not inhibit anaphylaxis. Moreover, thyroidectomized animals given thyroid 
substance during the period of sensitization died of anaphylactic shock. Passive 
transfer studies confirmed their opinion that normal thyroid function was essen- 
tial to the production of anaphylactic antibodies, but was not essential to ana- 
phylactie shock.'*}*° Appelmans'® reported a few experiments which do not 
confirm this view. Pfeiffer,1’ however, was able to substantiate the results of 
Képinow and Lanzenberg. It seemed possible, therefore, that giving sensitizing 
doses of antigen at a time when the animal was undergoing the profound 
metabolic disturbances induced by a single massive dose of thyroxin might result 
in the sensitization of a greater proportion of animals. 


METHODS 


Phelps and Hu’* produced definite necrosis of the liver in guinea pigs by 
the oral administration of 0.66 ¢.c. of carbon tetrachloride per kilogram of body 
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weight. We determined, in a series of preliminary studies, that in guinea pigs 
weighing over 400 Gm., 1.0 ¢.c. of carbon tetrachloride per kilogram of body 
weight would regularly produce a definite necrosis of the liver demonstrable 
on the fifth and seventh days after subcutaneous inoculation. This dosage proved 
to be too high, for in one series most of the pigs died a day or two after receiving 
the initial sensitizing doses of ragweed pollen extract, given at the time of, or 
just prior to, the expected maximum liver damage. In Experiment II a dose 
of 0.8 ¢.c. of carbon tetrachloride per kilogram of body weight was used. For 
small animals, of 300 to 400 Gm. body weight, 0.6 ¢.c. per kilogram was injected. 

The carbon tetrachloride was administered subcutaneously as a 50 per cent 
solution in olive oil. 

The thyroxin solution was prepared freshly a few minutes pricr to sub- 
cutaneous inoculation by dissolving 10 mg. of Squibb’s crystalline thyroxin in 
one drop of 1 N sodium hydroxide and then making it up to 10 ¢.c. with distilled 
water. The egg albumen was a 1:10 dilution of fresh egg albumen in plain 
physiologic salt solution. 

Pollen extracts were prepared by adding the desired amount of low ragweed 
pollen obtained from Knapp and Knapp to an amount of physiologic sodium 
chloride solution sufficient to give the desired concentration. This mixture was 
kept at room temperature for two hours during which time it was agitated re- 
peatedly. It was then placed in a refrigerator. The following day the mixture 
was filtered through a sterile Seitz filter. The extract was then ready for use. 
Extracts used for sensitizing were kept in the refrigerator for as long as five 
days after preparation. Extracts used for shocking were prepared freshly for 
each day’s experiments. Extracts of a 1:20 concentration contained approxi- 
mately 0.72 mg. of nitrogen per cubic centimeter, and the 1:10 extracts, 1.5 
mg. of nitrogen per cubie centimeter. All sensitizing doses were administered 
intraperitoneally. The shocking doses were given into the jugular vein of the 
unanesthetized animal. All the guinea pigs used in these experiments were kept 
on a diet of ground ‘‘Alfa Rabbit Flakes’’ with daily greens in the form of 
lettuce, celery tops, and occasionally cabbage. The animals were weighed at 
the time of their first inoculations. With the exceptions noted later they were 
in good health for the duration of the experiments. 


EXPERIMENTAL 


Experiment I. Eight guinea pigs, weighing from 450 to 680 Gm., were 
given 1 ¢.c. of carbon tetrachloride per kilogram of body weight. On the third 
and sixth days following, 0.5 ¢.c. of a 1:10 egg albumen solution was injected 
intraperitoneally. On the twenty-first day after the last injection 0.5 ¢.c. of a 
-1,10egg ;albumen solution was given intravenously. Six animals died within 
four minutes of the injection in typical acute anaphylactic shock. Autopsy con- 
firmed the diagnosis. Treatment with carbon tetrachloride did not interfere 
with the development of sensitivity to egg albumen. | 

Experiment II. (Table I) We next treated 6 male and 6 female guinea pigs 
with 0.8 ¢.c. of carbon tetrachloride per kilogram of body weight. Sensitizing 
doses of a 1:20 extract of low ragweed pollen were given on the third, fifth, and 
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seventh days following administration of the carbon tetrachloride. Simultane- 
ously a similar group of 12 control animals was given sensitizing doses. One 
animal (206) in the first group died of hemorrhage, the result of administra- 
tion of the first dose of pollen extract on the third day following injection of 
carbon tetrachloride. Microscopic study of the liver from the animal showed 
a large accumulation of fat and considerable necrosis about the centers of the 
liver lobules. The shock doses of fresh 1:10 extract of low ragweed pollen were 


TABLE I 


(Experiment IT) 


1:20 EXTRACT S.R.W.} RESPONSE 
3/29-30/39 
+ GUINEA | | WT. IN ping IN 0.5 1:10 Ex- 
PIG NO. GRAMS ng a. 3/6/39 3/7/39 3/9/39 TRACT OF SMALL 
RAGWEED INTRA- 
VENOUSLY 
207 F 450 10.75 s.¢c.*/1 i.p.t}]1 ip. ip. |None 
211 F 500 |0.8 ee. sc. |1 ee. ip. {1 ip. |1 ¢.e. i.p. |Death in 1 minute 
206 F [10 |0.8 s.c. Died from hemorrhage 
205 F 470 |0.77 cc. sc. |1 ip. |1 ip. |1 ee. ip. |None 
210 F 420 |0.7 ec. sc. |1 ip. |1 ee. ip. ip. |None 
222 F 470 |0.77 ce. sc. |1 ee. ip. ip. ¢.. ip. |Death in 3 minutes 
252 M 440 |0.7 ec. |1 ce. ip. ¢e. ip. ip. |None 
272 M 460 |0.75 ec. sc. |1 ee. ip. {1 ip. |1 ¢e. [Died 3/21/39—peri- 
tonitis 
251 M 440 |0.7 cc. s.c. |1 ip. |1 cc. ip. ce. ip. |None 
214 M 450 |0.75 s.c. ce. ip. {1 ¢@c. ip. ce. |None 
267 M 400 |0.65 sc. |1 ce. ip. {1 @e. ip. ce. i.p. |None 
263 M 460 [0.75 s.c. |1 @e. ip. {1 ee. ip. ip. |Died 3/21/39—peri- 
tonitis 
203 460 1 ex. ap. ce. up. cc. ip: | None 
220 F 490 1 ee. ip. |1 ee. ip. |1 @e. [Death in 5 minutes 
221 350 1 ee. ip. {1 ip. {1 ip. |Death in 33 minutes 
213 F 530 1 ee. ip. ip. [1 i.p. |Death in 34 minutes 
223 F 500 1 cc. ap. {1 ap. cx. icp. [None 
218 F 460 1 e@e. ip. |1 ¢.e. ip. {1 |Death in 43 minutes 
274 M 440 1 c.c. isp. j1 ec. ip. {1 ec. ip. | None 
269 M 430 1 ce. ip. ee. ip. ¢.e. |Death in 83 minutes 
254 M 440 i cc. Lp. j1 ec. ip. ce. 1p. [None 
259 M 450 1 ee. ip. {1 cc. ip. {1 ip. |None 
270 M 530 1 ec. ip. ip. [1 ip. |Death in 5 minutes 
273 M 440 1 cc. Lp. ce. ip. |1 ce. | None 
262 M 460 |0.7 None 
u 225 M 390 None 
255 M 430 None 
*Subcutaneously. 
yIntraperitoneally. 


tLow ragweed. 
TABLE II 
(Experiment III) 


2/14/39 2/15/39 2/16/39 RESPONSE 3/8/39 
4:00 P.M. | 2:30 p.M.| 2:00 P.M. | 0.5 c.c. 1:10 Ex- 
GUINEA | sex | WT. IN 2:15 P.M. | 6/6 4:20 | 1:20 ex- | 1:20 EX- | TRACT OF SMALL 
GRAMS EXTRACT TRACT TRACT RAGWEED INTRA- 
S.R.W. S.R.W. VENOUSLY 
287 M 350 0.35 1 ec. ip.| 1 ip. | 1 ip.|Death in 2 minutes 
289 M 370 0.35 1 ee. ip.| 1 ee. iip.| 1 ¢.e. ip.|Death in 4 minutes 
298 M 410 0.35 1 ee. ip.| 1 1 ¢e. iip.|Death in 2 minutes 
217 M 350 0.35 1 ce. iip.| 1 1 ¢.c. ip. | None 
215 M 405 0.35 1 c.c. iip.| 1 ce. ip. | 1 ¢.c. ip. | None 
209 M 345 0.35 1 ee. ip.| 1 ip.| 1 isp. |Slight symptoms 
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given intravenously on the twentieth and twenty-first days following the last 
sensitizing dose. The extracts were tested on normal animals for possible 
toxicity, but the results were negative. As will be seen from Table I, 50 per 
cent of the animals not treated with carbon tetrachloride were rendered 
sufficiently sensitive to die in acute anaphylactic shock. Only 2 of the 9 animals 
treated with carbon tetrachloride, and surviving until the shock date, died from 
the intravenous injection. Apparently carbon tetrachloride as administered 
did not favor the development of sensitivity to extracts of ragweed pollen. 
Experiment III. (Table II.) Six guinea pigs, weighing 350 to 450 Gm. 
each, were given 35 mg. of thyroxin subcutaneously. Two, twenty-four, and 
forty-eight hours later, 1 ¢.c. of a 1:20 extract of low ragweed pollen was given 
intraperitoneally. Three weeks later 3 of the 6 animals died in typical acute 
anaphylactic shock following intravenous administration of 0.5 ¢.c. of 1:10 pollen 
extract. These results are similar to those obtained in the control group in Ex- 


periment IT. 
SUMMARY 


1. Treatment of guinea pigs with carbon tetrachloride, and the administra- 
tion of sensitizing doses of egg albumen at the time of maximal anatomic change, 
did not prevent the acquisition of sensitivity to egg albumen in 6 of 8 animals. 

2. Two of 9 guinea pigs given sensitizing doses of an extract of low ragweed 
pollen at a time when they were suffering from carbon tetrachloride poisoning 
died from typical anaphylactic shock after intravenous administration of pollen 
extract twenty-one days later. 

3. Fatal anaphylactic shock was produced with simple saline extracts of low 
ragweed pollen in 6 of 12 normal guinea pigs. 

4. Three of 6 guinea pigs receiving sensitizing doses of extracts of low 
ragweed pollen at a time of maximal effect from a single massive dose of thyroxin 
died in typical anaphylactic shock after receiving the pollen extract intra- 


venously. 
CONCLUSION 


1. Carbon tetrachloride as employed in these experiments does not appear 
to inhibit the sensitization of guinea pigs to egg albumen. On the other hand, 
it does not favor the development of sensitivity to extracts of low ragweed pollen. 

2. Thyroxin, as used in these experiments, does not appear to affect the de- 
velopment of sensitivity to extracts of low ragweed pollen. 

3. One-half cubie centimeter of a simple saline extract of low ragweed 
pollen, containing approximately 0.75 mg. of nitrogen, is capable of producing 
typical fatal anaphylactic shock in sensitized guinea pigs. 
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950 East 59TH STREET 


A CASE OF STRONGYLOIDES STERCORALIS INFESTATION* 


TEORGE R. Bopon, M.D., Rocuester, N. Y. 


HE incidence of Strongyloides stercoralis infestation is rare in the northern 

parts of the United States. Ginsburg reported a case in Pennsylvania, and 
Cadham reported one in Winnipeg, Canada. The parasite is more common in 
the subtropical and tropical countries and is quite common in the southern parts 
of the United States. Faust estimated that 6 per cent of the eclinie population is 
infested in New Orleans. 

The life eycle of this parasite belonging to the nematode group is quite 
similar to the Ankylostoma duodenale. The female larvae live in the duodenum 
and jejunum. From the eggs the rhabditoid larvae develop. These in turn may 
either develop into the strongyloid larvae (infestating forms) or into male or 
female rhabditoid larvae. These copulate and the eggs burst into the first 
rhabditoid larvae, and the life cycle starts all over again. The infestation oceurs 
either through the skin by the strongyloid larvae or through the oral cavity. 
From the skin the larvae get into the blood stream, lungs, trachea, esophagus, and 
the small intestine. 


The case presented here is of interest because it occurred in New York 
State where the incidence of Strongyloides infestation is rare and because its 
clinical aspects are unusual. 


*From the Department of Laboratories, St. Mary’s Hospital, Rochester. 


Read before the Twenty-fourth Annual Meeting of the New York State Association of 
Public Health Laboratories, May 20, 1940, Rochester, N. Y. 


Received for publication, June 14, 1940. 
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CASE HISTORY 


M. M., a 45-year-old woman, was born in Italy and migrated to this country twenty 
years ago with her husband. Since that time she has lived in East Rochester. She has three 
children. 

She gave a long previous history of uncertain abdominal pain; she vomited at times and 
was sometimes jaundiced, the latter being only her own observation. For these uncertain 
complaints she was hospitalized several times in different hospitals of this city and underwent 
three abdominal operations: in 1933 cholecystectomy and appendectomy, in 1935 and again 
in 1938 exploration for adhesions. All these operations showed negative findings. One 
blood count, however, done in 1933 showed an eosinophilia of 10 per cent. 


Pig. Fig. 2. 


yi 1.—Rhabditoid larva of Strongyloides stercoralis, Low power. 


2.—Oral end of the parasite. a, First cylindrical dilatation. b, Second bulbous 
dilatation with chitinous Y. High power. 


Fig. 3. Fig. 4. 


Fig. 3.—Body part of the parasite with primitive genital organ (a). High power. 
Fig. 4.—Tail end with anal opening (a). High power. 


On admission to St. Mary’s Hospital on Jan. 30, 1940, she complained of colicky pain, 
starting in the right upper quadrant and sweeping across the abdomen to the left side. The 
pain was also felt in the back. About one hour after the onset she vomited some bloody 
material. 

The physical examination was essentially negative. Pressure in the left lower quadrant 
produced pain in the epigastrium. 

The red blood cell count and hemoglobin showed a slight hypochromie anemia. The 
white blood cell count ranged between 6,000 and 8,000, with a marked eosinophilia of 25 to 
29 per cent eosinophile cells. The urine was negative. Routine blood chemistry and the 
Wassermann reaction were negative. 
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The first stool examination did not show any parasites, but a large number of Charcot- 
Leyden crystals. The second stool examination after administration of a saline laxative 
showed numerous vividly motile nematodes. These parasites were from 200 to 300 microns 
long and showed marked wriggling motions (Fig. 1). Under high power the oral end showed 
a short mouth which opens into the esophagus, showing first a cylindrical then a bulbous 
dilatation followed by the intestine (Fig. 2). In the body on both sides of the intestine 
ellipsoid structures could be seen constituting the primitive genital organs (Fig. 3). The 
tail end was pointed and on the base of the pointed tail a cuticular elevation was found which 
formed the anal opening (Fig. 4). On the basis of these characteristics the parasite could 
be classified as the first rhabditoid larva of Strongyloides stercoralis. 

I kept the stool specimens for twenty-four hours in the incubator (37° C.) and by 
examining the stool specimen I found that the larvae developed into the strongyloid forms. 
These larvae were much longer than the previous ones and showed well-coordinated boring mo- 
tions (Fig. 5). After these findings repeated stool examinations were performed and larvae 
were always found to be present. Gastric analysis and sputum examinations were also done, 
but these did not reveal the presence of parasites. A skin test with trichinella antigen was 
positive in 1:1,000 dilution (group reaction). 

The treatment consisted of duodenal lavage and gentian violet tablets, 1 grain three 
times daily. The patient was not very cooperative; she left the hospital and repeated stool 
examinations still show the presence of the parasite. 


Fig. 5.—Strongyloid form of the parasite. Low power. 


The stools of the husband and the children were also examined, and the parasite was 
found to be present in the husband’s stool. The blood count of the husband showed 
eosinophilia of 10 per cent, but otherwise he did not show any symptoms which could be 


‘related to the presence of the parasite. 


DISCUSSION 


Both individuals undoubtedly acquired the parasite in Italy, where the 
presence of the parasite is known, and they harbored it in their intestines all 
the time. In the husband it seemingly did not cause any symptoms, except the 
slight eosinophilia. It is somewhat more difficult to relate the parasite as an 
etiologic factor to the clinical symptoms in the woman. We do not have a his- 
tory of an initial itch or eczema at the time of infestation. This condition, how- 
ever, may be easily overlooked by a woman doing heavy housework. On the 
other hand, the infestation may have oceurred by mouth. 

According to the literature, the Strongyloides stercoralis is well accepted 
as a causative agent of diarrhea. The first cases reported were the so-called 
**Cochin-China”’ diarrhea in soldiers by Normand. There are also several fatal 
eases of Strongyloidosis reported in which post-mortem examinations were 
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performed. Ophuls found the larvae in the intestinal wall and in the mesen- 
teric lymph nodes. Gage found them in the lymph spaces of the duodenal wall. 
Proes found them in his ease in the pleural effusion, pericardial fluid, and in the 
blood. 

Both types of larvae have very intensive motion capacities, and there is no 
reason why they could not get into the channels connected with the gastrointes- 
tinal tract. It is very easily possible that the parasite might get actively or 
passively into the lumen of the appendix and even without causing a true ‘‘ap- 
pendicitis,’’ through the irritative action of their presence cause appendicular 
colic which might be easily interpreted as an acute appendicitis. 

In the same manner they might migrate into the gall ducts or the gall 
bladder and cause symptoms of a gall-bladder disease. Nisbet reported a case 
in which the worm caused obstructive jaundice. There is no reason why they 
could not get in the same manner into the pancreatic duct and add to the 
uncertainty of the abdominal symptoms. 


The negative findings of the removed surgical specimens and the negative 
findings at the explorations, together with the preservation of the symptoms 
after the operations, are enough proof that the patient did not have a true 
cholecystitis or appendicitis or any other condition which would have resulted 
in pathologic changes of the abdominal organs. In my opinion the uncertain 
abdominal symptoms were caused by the presence of the parasite. As far as 
her present symptoms are concerned, the question is undecided as to whether 
they are caused by the presence of the parasite or whether they are only neurotic 
sequelae after her three previous abdominal operations. It is a known fact 
that individuals harboring parasites develop severe neuroses. 


SUMMARY 


A ease of an Italian immigrant woman is presented in which the stool ex- 
aminations revealed rhabditoid larvae of Strongyloides stercoralis. 

It may be assumed that the parasite caused uncertain abdominal symptoms 
for which the gall bladder and the appendix were removed. Later two lapa- 
rotomies were performed for the persistence of symptoms, which were thought 
to be due to postoperative adhesions. All operations resulted in negative find- 
ings. 

REFERENCES 


Cadham, F. T.: Infestation With Strongyloides stercoralis, Associated With Severe Symp- 
toms, Canad. M. A. J. 29: 18, 1933. 

Faust, E. C.: The Symptomatology, Diagnosis and Treatment of Strongyloides Infection, 
J. A. M. A. 98: 2276, 1932. 

Gage, I.: A Case of Strongyloides Intestinalis With Larvae in the Sputum, Arch. Int. Med. 
7: 561, 1911. 

Ginsburg, L.: Strongyloides Intestinalis Infestation, J. A. M. A. 75: 1137, 1920. 

Normand, A.: Sur la maladie dite diarrhee de Cochinchine, Compt. rend. Acad. d. se. 5: 316, 
1876. 

Nisbet, D. H.: Obstructive Jaundice Due to Strongyloid Larvae, South. Med. & Surg. 94: 
785, 1932. 

Ophuls, W.: A Fatal Case of Strongyloidosis in Man With Autopsy, Arch. Path. 8: 1, 1929. 

Proes, H. E.: The Biology of Strongyloides stercoralis Thesis, Bahia, 1930, Arch. Path. 13: 
168, 1932. 

Simpson, V. EB: Strongyloidiasis, J. A. M. A. 112: 828, 1939. 


E 
a 
: 
if 
aig 
ti 
ae 
i 
it 
va 
un 
t 
va 4 
q 
‘ 
a 
ig 
q 
| 
q 
‘ 


RELATION OF THE MACRONUCLEOLUS AND NUCLEONUCLEOLAR 
RATIO OF CANCER TO HISTOLOGIC GRADING* 


ANTONIO E. MENDES FERREIRA, M.D.t 
RocHEsTER, MINN. 


HE pathologie diagnosis of cancer has interested many students, and the 
practical value of such a diagnosis depends on the early recognition of the 
condition. For this reason, the attention of pathologists during the last few 
years has been focused on the cell as the unit of cancerous tissue. Because there 
has been no reliable chemical or serologic test for cancer, the proper treatment 
has been based on an early clinical suspicion of the disease, its early pathologic 
recognition, and the determination of the degree of malignancy. Since Virchow 
established cellular pathology, pathologists have tried to find in the cells of the 
cancerous tissue some signs on which they could rely for diagnosis, particularly 
in the early stages of the disease. 


After reading the papers of MacCarty dealing with the diagnosis of cancer 
on the basis of the macronucleolus of its cellular constituents, and the papers 
of Broders on the grading of malignancy according to the percentage of cell 
differentiation, I began to study many specimens of fresh cancerous tissue. The 
work of MacCarty and the work of Broders not only are of great practical value 
but also are very interesting from a scientific standpoint, and are closely related. 
The more slides I studied, the more strongly was I convinced that there was 
really a cancer cell which had a markedly increased nucleolar substance and 
that in the great majority of cases the amount of that substance varied according 
to the degree of malignancy. It was on this basis that the present work was 
done. It attempts to prove that there is a marked increase of nucleolar material 
in the cancer cell and that the amount of this material is directly proportional 
to the degree of malignancy. 


The presence of one or more large nucleoli in the cells of embryonic and 
regenerative tissues, and in any normal tissue which is metabolically very active, 
suggests that the increased size of the nucleolus is a direct consequence of the 
great cellular activity. As cellular division is one of the greatest expressions of 
cellular activity, it seems reasonable to admit that any condition in which cellu- 
lar division is active would afford good opportunity for studying the variation 
in the size of the nucleolus. It was with this in mind that many months were 
spent trying to make normal and cancerous tissues grow in vitro. Tissue cul- 
tures are, perhaps, the best field in which to study cellular metabolism and 
cellular division, because cells in vitro grow without body control in a fashion 
somewhat comparable to the growth of cancer in the body. Unfortunately, be- 
cause of technical difficulties very few of the cultures grew well, but the few 
that grew confirmed what has been seen in pictures and descriptions of cultures 


*From the Mayo Clinic, Rochester, Minn. 
+Now residing in Lisboa, Portugal. 
Received for publication, June 18, 1940. 
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of tissues in vitro—large cells, which had a large nucleus and very large 
nucleolus. 

In 1851 Lebert pointed out that cancer cells possessed one or more large 
nucleoli, but Végel, Bennett, and Virehow did much to obscure his work, and 
the macronucleolus in cancer cells was entirely forgotten until MacCarty in 
1923,” after an exhaustive and interesting research again called attention to 
the importance of the macronucleolus in the diagnosis of cancer. In a series of 
papers written from 1923 to 1937, MacCarty??* described the ‘‘cancer cell’’ 
and stressed its characteristics (spheroid or oval form, large nucleus, single or 
multiple large nucleolus, and low nucleonucleolar ratio), as well as a manner 
of distinguishing the cells of tertiary cytoplasia from the cells of secondary and 
primary ecytoplasia (MacCarty). However, he repeatedly said that cells of ~ 
secondary ecytoplasia and cancer cells are morphologically very much alike; 
the only difference is that the former remain in the acini while the latter in- 
vade the surrounding stroma. MacCarty and his co-workers continued their 
study of the nucleonucleolar ratios in malignant and nonmalignant tissues. In 
1933 MacCarty, Haumeder, and Berkson made a preliminary report on a series 
of actual measurements of the nuclear and nucleolar areas and corresponding 
ratios. They expressed the opinion that the difference between the nucleolar 
areas in malignant cells and nonmalignant cells is greater than that between the 
nuclear areas. They said that the nucleonucleolar ratio in malignant cells varies 
from f:5 to 1:17, while in nonmalignant cells the ratio varies from 1:13 to 1:45. 

In the latter years nuclear and nucleolar areas with the corresponding 
ratios have been determined in different organs obtained in the laboratory of 
MacCarty, by Haumeder, McCormack, Naidu, Strohl, Kaump and Fairchild, 
Kroeze, Cohen, Lofgren, Page, Smith, Campbell, Farthing, and Frugoni. All 
these authors have definitely confirmed the work of MacCarty,*° who recently 
submitted a paper for publication in which he condensed the results of their 
biometric studies. Similar observations have been made by Stenius, Castren, 
Saxen, Quensel (1928), Karp (1932), Fidler (1935), and Von Haam and Alex- 
ander (1936). 

MacCarty recently said: ‘‘Microscopie grading has been in existence ever 
since tissues and tumors have been studied with the aid of microscopes.’’ How- 
ever, one can say that the real microscopic grading of tumors began in 1920,” ° 
when Broders made his first report on the subject. In 1925, after nine years’ 
experience in the grading of epitheliomas, Broders said that a slight modification 
should be made in his former classification. Thus, tumors should be called 
‘‘orade 1’’ when undifferentiation ranges from 0 to 25 per cent, ‘‘grade 2’’ 
when undifferentiation ranges from 25 to 50 per cent, ‘‘grade 3’’ when undif- 
ferentiation ranges from 50 to 75 per cent, and ‘‘grade 4’’ when undifferentia- 
tion ranges from 75 to 100 per cent. 


In determining the degree of malignancy Broders also considered the num- 
ber of mitotic figures and the number of cells which have single, large, deeply 
staining nucleoli (one-eyed cells). Later, in emphasizing the practical value of 
erading and advising the type of treatment according to grade of malignancy, 
he said that grade 1 tumors show practically no tendency to metastasize, while 
grade 4 cancers, metastasize quickly and sooner or later prove fatal. Grade 2 
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and grade 3 cancers occupy a place between grade 1 and grade 4 as far as metas- 
tasis and postoperative results are concerned. 

Other methods of grading of tumors, which have been recommended by dif- 
ferent authors, are based on cellular differentiation alone or on this and other 
pathologie and clinical factors. The grading system of Broders, which is the 
method most often employed in this country, was followed in this work. 


MATERIAL AND METHODS 


Only human tissues which had been removed surgically were used in this 
study. The material included 119 malignant and 45 nonmalignant tissues from 
different organs and tissues, including those obtained from a four-month fetus. 
Both malignant and nonmalignant tissues were obtained from the thyroid gland, 
breast, stomach, liver, rectum, sigmoid colon, ovary, endometrium, and cervix 
uteri. The fetal tissues included the thyroid gland, stomach, liver, and rectum. 
Only epithelial tissues and tumors of the same origin were studied. The malig- 
nant tumors included adenocarcinoma, scirrhous carcinoma, papillary adeno- 
carcinoma, and squamous-cell carcinoma (epithelioma). All the growths were 
primary except those found in the liver, where metastatic growths also were 
used. The nonmalignant tissues included normal tissues, subacute and chronic 
inflammation, hyperplasia, and benign tumors (polyps, adenomas, fibroadenomas, 
and cysts). As soon as the tissues were obtained from the operating room they 
were placed in a 10 per cent solution of formalin for fixation. Twenty-four hours 
later frozen sections from 5 to 10 microns thick were cut and stained with 
hematoxylin and eosin. The sections were studied histologically and cyto- 
logically with low, medium, and high-power objectives, and the malignant tumors 
were graded according to the classification of Broders.* An attempt was made 
to obtain approximately the same number of tumors of each grade from each 
organ. However, this was difficult and even impossible in certain organs. In the 
thyroid gland, breast, and rectum there were found carcinomas of every grade 
from 1 to 4. Grade 1 carcinoma very rarely occurs in the stomach and liver. 
Carcinoma of the ovary most frequently is grade 1 or 2, occasionally it is grade 
3, but very rarely grade 4. The most frequent grades of carcinoma found in en- 
dometrium are 1 and 2, but grade 3 or 4 carcinoma occasionally may be found in 
this situation. On the contrary, in the uterine cervix the usual grades en- 
countered are 3 and 4, and grades 1 and 2 only rarely. The cytologic studies 
were made by using an oil-immersion lens of a Spencer microscope (objective 1.8 
mm., N.A. 1.25, tube length 150 mm., and ocular 10x). In making the biometric 
studies a camera lucida was mounted on this microscope, and the contours of the 
shadows of the nuclei and nucleoli were projected on paper and carefully traced 
with a sharp pencil. From each section of both malignant and nonmalignant 
tissue, 20 cells were traced; four cells were chosen in each of five different micro- 
scopic fields. These were the cells which had the largest nucleoli. The tracings 
of the nuclei were measured directly by a planimeter to obtain their areas. 
Since many nucleoli were small it was necessary to enlarge them in order to ob- 
tain measurable tracings. This was done with a camera lucida mounted on a 


*The grades of the carcinomas of the breast, stomach, and ovary were kindly checked by 
Dr. A. C. Broders. 
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Spencer microscope (objective 48 mm., tube length 250 mm., and ocular 1x). 
The tracings that were obtained were also measured by a planimeter and the 
areas were registered. The magnification of this microscope and camera lucida 
was found to be 42 diameters; therefore, it was necessary to divide the areas of 
the nucleoli by 42 in order that the magnification might correspond to that em- 
ployed in the measurement of the nuclei. To obtain the actual areas of the nuclei 
and nucleoli in square microns, it was necessary to correct the planimeter read- 
ings by taking into consideration the magnification of both microscopes, the 
camera lucida, and the constant of the planimeter. 

Under the same conditions as the cells were drawn, a known space of a 
micromillimeter scale was projected on paper by means of the camera lucida, 
and the projections were traced and measured. The magnification of the micro- 
scope, which was determined in this manner, was found to be 1,800 diameters. 
The calibration of the planimeter was such that a circular area of 100 sq. em. 
represented 2.500 planimeter units. Each area of the planimeter reading was 
multiplied by a constant that was obtained by using the following formula: 


Value for one planimeter unit __ K 
(Magnification of the microscope)? ; 


After the actual areas were obtained, it was necessary only to divide the 
areas of the nuclei by those of the nucleoli in order to obtain the corre- 
sponding nucleonucleolar ratio. It is necessary to explain why the quotient 
average nuclear measurement 


does not correspond, except by chance, with the 
average nucleolar measurement 


average nuclear measurement 

average nucleolar measurement 
was not made. Instead, the nuclear measurement of each cell was divided by 
the nucleolar measurement of each cell, and these quotients were averaged. The 
divisions originally were carried out to three decimal places but were con- 
tracted later so that it would be necessary to print only one or two decimal 
places. These contractions caused some lack of correspondence, more apparent 
than real, between the results of calculations made in the various possible ways. 


ratios given. The reason is that the calculation 


RESULTS 


It would be outside of the purpose of this work to describe the histologic 
arrangement of the cells in the normal, inflammatory, and neoplastic tissues 
studied. A description of this arrangement may be found in textbooks and 
various papers. However, it seems appropriate to consider briefly the variations 
in size, shape, and number of the nucleoli. Ehrich recently said, that ‘‘the 
nuclear sizes of normal tissues are by no means constant.’’ The same can be 
said about the size of the nucleolus. The nucleolus was not easily seen in the 
cells of all normal tissues. Fresh specimens of the resting breast, which were 
stained with polychrome methylene blue, and fixed specimens which were stained 
with hematoxylin and eosin, rarely showed nucleoli. On the contrary, the 
nucleoli were conspicuous in most of the cells of other tissues studied, particu- 
larly in fresh tissues. Normal cells usually contained a single, round, well- 


i 
' 
if 
| 
wh 
q 
i 
q 
a 
3 
q 
— 
a 
- 


1616 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


defined nucleolus which appeared very small in relation to the nucleus. Ocea- 
sionally, two or three nucleoli were seen within the nucleus, particularly in the 
normal stomach and rectum. The cells of inflammatory tissues and benign 
tumors almost always contained round or elliptic nucleoli. The size of the nucleoli 
depended on the type of the cell (primary or secondary cytoplasia of MacCarty), 
but the nucleoli almost always were larger than those of the corresponding nor- 
mal tissue. The greatest variation in size, form, and number of the nuclei and 
nucleoli was seen in the cells of secondary cytoplasia and in those of cancer. In 
these cells two or three nucleoli frequently were seen within the nucleus. Occa- 
sionally, as many as six could be counted. These nucleoli usually were very 
large in relation to the nucleus; they were round or elliptic, and occasionally 
were elongated or somewhat triangular. When the nucleoli were multiple, one 
usually was much larger than the others. 

The results of the biometric studies are reported separately for each organ. 

Thyroid Gland.—In nonmalignant lesions of the thyroid gland the average 
areas of the nuclei and nucleoli were 28.13 and 1.08 square microns, respectively, 
and the average nucleonucleolar ratio was 30.4 : 1. In malignant lesions the 
average areas of the nuclei and nucleoli were 51,7 and 4.29 square microns, 
respectively, and the average nucleonucleolar ratio was 13.5: 1. In eareinoma 
the areas of the nuclei varied from 32.45 to 76.0 square microns, and the areas of 
the nucleoli varied from 1.81 to 8.9 square microns. The nucleonucleolar ratio 
varied from 6.7:1 to 22.4:1. In all nonmalignant lesions, except exophthalmic 
goiter, the average areas of the nuclei and nucleoli were smaller than the small- 
est areas of the nuclei and nucleoli in carcinoma. In exophthalmie goiter the 
average areas of the nuclei and nucleoli were larger than the smallest areas of 
the nuclei and nucleoli in carcinoma. In thyroiditis and colloid adenoma the 
average nucleonucleolar ratio was more than three times as great as it was in car- 
cinoma. In the fetal thyroid gland and in exophthalmic goiter the average 
nucleonucleolar ratio was less than the largest nucleonucleolar ratio in carcinoma. 

The areas of the nuclei and nucleoli and the nucleonucleolar ratio in the dif- 
ferent grades of carcinoma of the thyroid gland are shown in Table I. This table 
is of interest mainly because it shows that the average area of the nucleoli in- 
creases gradually and the nucleonucleolar ratio decreases as the grade of malig- 
nancy increases. 
TABLE I 


AREAS OF NUCLEI AND NUCLEOLI AND THE NUCLEONUCLEOLAR RATIO IN DIFFERENT GRADES OF 
CARCINOMA OF THE THYROID GLAND 


AREA, SQUARE MICRONS NUCLEONUCLEOLAR 
NUCLEI NUCLEOLI RATIO 
< > = < > a 
1 3 40.8 | 72.1 | 53.0 | 1.8 3.3 2.4 |21.3:1/22.4:1| 21.8:1 
2 5 36.4 | 69.4 | 47.5 | 2.1 5.9 3.7 |10.4:1/16.3:1] 12.5:1 
3 5 45.2 | 66.3 | 56.3 | 3.4 6.7 5.0 9:1)13.2:1] 11.5:1 
4 5 32.4 | 76.0 | 49.9 | 3.6 8.9 5.9 | 6.7:1] 9.2:1| 8.3:1 
4.2 5:1 
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Breast.—In the study of the breast the results were rather similar to those 
of the study of the thyroid gland. In nonmalignant lesions of the breast the 
average areas of the nuclei and nucleoli were 29.87 and 1.26 square microns, 
respectively, and the average nucleonucleolar ratio was 23.7:1. In carcinoma 
of the breast the average areas of the nuclei and nucleoli were 54.81 and 4.57 
square microns, respectively, and the nucleonucleolar ratio was 13.7. Examina- 
tion of inflammatory lesions that were associated with primary cytoplasia re- 
vealed that the average areas of the nuclei and nucleoli were considerably smaller 
than the smallest areas of the nuclei and nucleoli in carcinoma. The average 
nucleonucleolar ratio in these inflammatory lesions was almost twice as large as 
the largest nucleonucleolar ratio in carcinoma (36.6:1 and 20.8:1). On the con- 
trary, in inflammatory lesions that were associated with secondary eytoplasia 
the average area of the nucleoli closely approximated the smallest area of the 
nucleoli in carcinoma (2.04 and 2.2 square microns), and the average nucleo- 
nucleolar ratio was much lower than the largest ratio in carcinoma (15.8:1 and 
20.8:1) and closely approximated the average nucleonucleolar ratio in carcinoma 
(15.8:1 and 13.7:1). In benign tumors that were associated with primary or 
secondary cytoplasia the average areas of the nuclei and nucleoli were somewhat 
smaller than the smallest areas of the nuclei and nucleoli in carcinoma. In be- 
nign tumors in which there was primary cytoplasia the average nucleonucleolar 
ratio was much larger than the largest ratio in carcinoma (30.4:1 and 20.8:1), 
but in benign tumors in which there was secondary cytoplasia the average nucleo- 
nucleolar ratio was slightly smaller than the largest ratio in carcinoma (19.3:1 
and 20.8:1). In carcinoma the areas of the nuclei ranged from 37.32 to 93.89 
square microns, the areas of the nucleoli ranged from 2.2 to 13.48 square 
microns, and the nucleonucleolar ratio varied from 4.6:1 to 20.8:1 (Table IT). 


TABLE II 


AREAS OF NUCLEI AND NUCLEOLI AND THE NUCLEONUCLEOLAR RATIO IN DIFFERENT GRADES OF 
CARCINOMA OF THE BREAST 


NUCLEI NUCLEOLI RATIO 
a 5 40.9 | 57.0 | 49.1 | 2.3 3.0 | 2.6 15 :1]20.8:1) 18.4:1 
2 6 39.6 | 56.8 | 47.2 | 2.2 5.1 | 3.3 |10.9:1/17.8:1) 14.731 
3 5 37.3 | 93.8 | 66.1 | 4.2 6.1 | 5.6 | 6.1:1/14.9:1/11.831 
+ 5 52.4 | 72.7 | 57.0 | 4.1 | 13.4 | 66 | 4.6:1/13.2:1)10.1:1 
21 54.8 a5 13.771 


The results of biometric study of carcinoma of the breast were similar to those 
obtained in the study of carcinoma of the thyroid gland (Table I). The area of 
the nuclei did not have any relation to the grade of carcinoma, but the average 
area of the nucleoli increased gradually and the average nucleonucleolar ratio de- 
creased as the grade of malignancy increased. 

Stomach.—In nonmalignant lesions of the stomach the average areas of the 
nuclei and nucleoli were 38.2 and 1.8 square microns, respectively, and the 
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average nucleonucleolar ratio was 21.2:1. In carcinoma the average areas of the 
nuclei and nucleoli were 52.6 and 3.9 square microns, respectively, and the aver- 
age nucleonucleolar ratio was 13.4:1. The areas of the nuclei and nucleoli of 
normal gastric tissue were rather constant and were much smaller than the 
respective areas in carcinoma (Fig. 1). The average nucleonucleolar ratio of 


Fig. 1. Fig. 2. 


Fig. 1.—Cells of normal gastric mucosa. (Photomicrograph kindly loaned by Dr. W. C. 
MacCarty.) 


Fig. 2.—Primary cytoplasia in the edges of a gastric ulcer. (Photomicrograph kindly 
loaned by Dr. W. C. MacCarty.) 


Fig. 3.—Secondary cytoplasia in the edges of a gastric ulcer. (Photomicrograph kindly loaned 
by Dr. W. C. MacCarty.) 


normal gastric tissue was almost three times as large as it was in carcinoma 
(36.2:1 and 13.4:1). In fetal gastrie tissue the average area of the nuclei was 
about the same as it was in carcinoma, the average area of the nucleoli was 
slightly larger than the smallest area of the nucleoli in carcinoma, and the 
nucleonucleolar ratio occupied an intermediate position between the ratios ob- 
tained in a study of normal gastric tissue and carcinoma of the stomach. Bio- 
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metric studies of inflammatory lesions that were associated with primary cyto- 
plasia revealed that the nucleoli were somewhat larger than those found in nor- 
mal gastric tissue (Fig. 2) ; the average nucleonucleolar ratio was similar to that 
obtained in a study of fetal gastric tissue. The material included only one benign 
tumor of the stomach that was associated with primary cytoplasia. In this 
tumor the nuclei and nucleoli were larger than those in normal gastric tissue, 
but the average nucleonucleolar ratio was slightly smaller than that of the nor- 
mal gastric tissue. In benign tumors that were associated with secondary cyto- 
plasia the measurements usually corresponded very closely to those obtained in 
grade 2 carcinoma. The same was true of gastric ulcers that were associated 


Fig. 4.—Carcinoma, grade 2, of the stomach (X1,000). 


with secondary cytoplasia (Fig. 3). In carcinoma the smallest areas of the nuclei 
and nucleoli were 36.2 and 2.3 square microns, respectively, and the smallest 
nucleonucleolar ratio was 9.9:1. The largest areas of the nuclei and nucleoli 
were 74.9 and 6.7 square microns, respectively, and the largest nucleonucleolar 
ratio was 17.6:1 (Table III). The gastric material did not include a specimen 
of grade 1 carcinoma. A study of the material revealed that in carcinoma of the 
stomach the average area of the nucleoli increases and the nucleonucleolar ratio 
decreases as the grade of malignancy increases. The cells encountered in the dif- 
ferent grades of carcinoma are shown in Figs. 4, 5, and 6. 

Liver.—The biometric studies of the liver were of particular interest as 
there was a slight difference in the nucleonucleolar ratios in all lesions, including 
carcinoma. In nonmalignant lesions of the liver the average areas of the nuclei 
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and nucleoli were 33.0 and 1.9 square microns, respectively, and the average 
nucleonucleolar ratio was 16.9:1. In malignant lesions the average areas of the 
nuclei and nucleoli were 64.6 and 6.1 square microns, respectively, and the aver- 


Fig. 6.—Carcinoma, grade 4, of the stomach (X1,000). 


age nucleonucleolar ratio was 11.6:1. In the fetal liver the nuclei and nucleoli 
were small in comparison with the very large nuclei and nucleoli in carcinoma. 
However, the nucleonucleolar ratio was not much higher than was the average 
ratio in all grades of carcinoma (14.1:1 and 11.6:1) ; in fact, the average nucleo- 


- 
‘ 
Fig. 5.—Carcinoma, grade 3, of the stomach (X1,000). 
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TABLE III 


AREAS OF NUCLEI AND NUCLEOLI AND THE NUCLEONUCLEOLAR RATIO IN DIFFERENT GRADES 
OF CARCINOMA OF THE STOMACH 


AREA, SQUARE MICRONS NUCLEONUCLEOLAR 
NUCLEI NUCLEOLI RATIO 
GRADE OF = 
& 
ala 
7) 4 <i <i = 
1 0 
2 8 36.8 | 66.0 | 48.8 | 2.3 5.3 3.2. (12.4:1/17.6:31) 15.331 
3 5 38.8 | 73.6 | 52.3 3.0 4.8 382 (P20. PSs 
4 5 36.2 | 74.9 | 56.7 | 2.7 6.7 4.9 | 9.9:1/13.7:1/11.8:1 
18 52.6 3.9 13.4:1 


nucleolar ratio in the fetal liver was higher than the smallest ratio in grade 2 
carcinoma (15.4:1 and 14.1:1). In normal hepatic tissue the nuclei and nucleoli 
varied a great deal in size, but they were rather large. The average nucleo- 
nucleolar ratio was low; it was only 6.1 more than the average ratio in carcinoma 
and only 2.3 greater than the average ratio in grade 2 carcinoma. In inflamma- 
tory lesions the nuclei and nucleoli were moderately large, and the nucleonucleo- 
lar ratio was low (19.0:1), but contrary to what was found in most of the other 
organs that were studied, the nucleonucleolar ratio was larger than that en- 
countered in normal hepatic tissue. In carcinoma of the liver the areas of the 
nuclei varied from 42.5 to 88.4 square microns, the areas of the nucleoli varied 
from 3.0 to 10.6 square microns, and the nucleonucleolar ratio varied from 6.7 :1 
to 18.1:1 (Table IV). The hepatic material did not include a specimen of 


TABLE IV 


AREAS OF NUCLEI AND NUCLEOLI AND THE NUCLEONUCLEOLAR RATIO IN DIFFERENT GRADES OF 
CARCINOMA OF THE LIVER 


AREA, SQUARE MICRONS NUCLEONUCLEOLAR 
NUCLEI NUCLEOLI RATIO 
GRADE OF 
a < > a < > a < > 
n 4 < = 4 < 
0 
2 3 42.5 | 59.2 | 49.6 | 3.0 3.3 |. 3.2 [14.1:1]18.1:1)15.4:1 
3 4 68.6 | 88.4 | 79.0 | 6.2 7.4 | 67 110.7:1/13.1:3/11.6 
4 5 | 75.2: | 65.3 | 59 | 10:6 1° | 6.720) -7.821 
12 64.6 6.1 11.6:1 


grade 1 carcinoma. A study of the material revealed that the average area of 
the nucleoli increases and the nucleonucleolar ratios decrease as the grade of 
malignancy inereases. There was no relation between the areas of the nuclei and 
the grade of carcinoma. 

Rectum.—In nonmalignant lesions of the rectum the average areas of the 
nuclei and nucleoli were 40.6 and 1.8 square microns, respectively, and the aver- 
age nucleonucleolar ratio was 22.5:1. In carcinoma the average areas of the 
nuclei and nucleoli were 62.6 and 7.5 square microns, respectively, and the aver- 
age nucleonucleolar ratio was 11.0:1 (Table V). A study of the fetal rectum 
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TABLE V 


_AREAS OF NUCLEI AND NUCLEOLI AND THE NUCLEONUCLEOLAR RATIO IN DIFFERENT GRADES OF 
CARCINOMA OF THE RECTUM 


AREA, SQUARE MICRONS NUCLEONUCLEOLAR 
NUCLEI NUCLEOLI RATIO 
GRADE OF > 
n < n < =| < 
1 5 48.0 | 72.4] 57.0 | 3.0 5.1 3.8 |12.4:1]18.3:1]14.9:1 
2 5 36.2 | 56.4] 43.1 2.6 4.9 3.7 12.231 
3 5 54.6 81.0} 69.2 | 8.7 79. | 
4 4 41.5 | 174.3; 80.9 | 4.0 | 32.5 | 14.6 | 5.3:1)10.4:1) 84:1 
19 62.6 75 


disclosed that the nucleoli were relatively large; in fact, they were almost as 
large as the smallest nucleoli in carcinoma. The nuclei also were large and the 
nucleonucleolar ratio was high. The material included two inflammatory lesions 
of the rectum. Primary cytoplasia was present in both of these lesions. The 
nuclei and nucleoli were small, and the average nucleonucleolar ratio was about 
twice as large as the ratio in carcinoma. In a benign polyp in which there was 
primary cytoplasia the measurements were very much like those of the inflamma- 
tory lesions. The results of biometric studies of the rectum were slightly dif- 
ferent from the results of similar studies of other organs. In grade 2 carcinoma, 
the average area. of the nucleoli was 0.1 square micron less than it was in 
grade 1 carcinoma. However, in comparison with the average area of nucleoli 
in grade 3 carcinoma, that of nucleoli in grade 4 carcinoma was increased 
markedly; in fact, in each of these grades of carcinoma the average area of the 
nucleoli was almost twice as great as it was in the next lower grade. In all 
grades of carcinoma the nucleonucleolar ratio decreased as the grade of malig- 
nancy increased, but in grade 3 carcinoma and in grade 4 carcinoma the differ- 
ence in the ratio was very slight. 

Ovary.—In nonmalignant lesions of the ovary the average areas of the 
nuclei and nucleoli were 41.0 and 2.0 square microns, respectively, and the 
average nucleonucleolar ratio was 20.5:1. In carcinoma the average areas of the 
nuclei and nucleoli were 48.7 and 4.0 square microns, respectively, and the aver- 


TABLE VI 


AREAS OF NUCLEI AND NUCLEOLI AND THE NUCLEONUCLEOLAR RATIO IN DIFFERENT GRADES OF 
CARCINOMA OF THE OVARY 


AREA, SQUARE MICRONS NUCLEONUCLEOLAR 
NUCLEI NUCLEOLI RATIO 
GRADE OF & 
bia i aig & 
1 2 25.4 | 32.0 | 28.7 1.9 2.1 112.921) 13.9:1) 13.421 
2 3 41.0 | 80.3 | 58.4 2.5 10 4.7 |10.7:1|15.8:1) 13.431 
3 3 42.6 | 71.5 | 54.0 3.8 5.2 4.6 10:23) 93,62340 13.031 
4 0 
8 48.7 4.0 12.331 
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age nucleonucleolar ratio was 12.3:1 (Table VI). The size of the cells of the 
membrana granulosa of a Graafian follicle is shown in Fig. 7. In the theca in- 
terna of a Graafian follicle the nuclei were very large and the nucleoli also were 
large; the nucleonucleolar ratio was almost twice as large as it was in carcinoma. 
In one ovary the average area of the nucleoli of the membrana granulosa was 
slightly less than the average area of the nucleoli of the theca interna, but the 
average area of the nuelei of the membrana granulosa was about half as large 
as the average area of the nuclei in the theca interna. The average nucleonucleo- 
lar ratio in the membrana granulosa therefore was low. It was not much higher 
than the average ratio in carcinoma (14.0:1 and 12.3:1) and was lower than the 


Fig. 7.—Membrana granulosa of a Graafian follicle (1,000). 


ratio in certain specimens of carcinoma. In the corpus luteum the measurements 
were similar to those obtained for the theca interna; however, in the corpus 
luteum the average area of the nuclei and, therefore, the average nucleonucleolar 
ratio, were somewhat lower than they were in the theca interna. In a benign 
papillary cyst the average areas of the nuclei and nucleoli were very small, and 
the average nucleonucleolar ratio was about three times as large as it was in 
carcinoma. In carcinoma of the ovary (Table VI) the measurements were not 
entirely in agreement with the measurements obtained in specimens of carcinoma 
of other organs, but the differences were not very marked. As was the case in 
carcinoma of other organs, there was no relation between the average area of the 
nuclei and the grade of carcinoma. 

Endometrium.—In benign lesions of the endometrium the average areas of 
the nuclei and nucleoli were 30.68 and 0.84 square microns, respectively, and 
the average nucleonucleolar ratio was 36.5:1. In carcinoma the average areas of 
the nuclei and nucleoli were 55.5 and 4.7 square microns, respectively, and the 
average nucleonncieolar ratio was 13.4:1 (Table VII). Normal endometrial 
tissue had small nuclei, very small nucleoli, and a very high nucleonucleolar 
ratio. In inflammatory lesions in which there was primary cytoplasia the meas- 
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TABLE VIII 


-AREAS OF NUCLEI AND NUCLEOLI AND THE NUCLEONUCLEOLAR RATIO IN DIFFERENT GRADES OF 
CARCINOMA OF THE ENDOMETRIUM 


AREA, SQUARE MICRONS NUCLEONUCLEOLAR 
NUCLEI NUCLEOLI RATIO 
a < > < a < 
<i mM =| < < 
6 31.0 | 65.5 | 45.3 4.7 2.6 |13.9:1]23.7:1]18.6:1 
2 6 45.2 | 63.0 | 52.4 4.1 34 15.20 
54 Z: 51.5 4.5 11.4:1 
4 1 72.6 8.3 8.8:1 
55.5 4.7 13.431 


urements approximated those obtained for normal endometrial tissue; the nuclei 
and nucleoli were smaller, but the nucleonucleolar ratio was slightly higher. In 
a polypoid endometrium the nuclei also were smaller than they were in normal 
endometrial tissue, but the average area of the nucleoli was larger than it was 
in the normal endometrium. The average nucleonucleolar ratio, therefore, was 
much smaller than the ratio in the normal endometrium, but it was more than 
twice as large as the average ratio in carcinoma. In a benign polyp the meas- 
urements were similar to those obtained for the normal endometrium, but the 
average nucleonucleolar ratio was a little lower. The number of carcinomas of 
the endometrium -was very small; only one carcinoma was classified in each of 
the two highest grades of malignaney (grades 3 and 4). However, the results 
of the biometric studies were similar to the results obtained inthe study of other 
organs; the average area of the nucleoli gradually increased, and the nucleo- 
nucleolar ratio decreased as the grade of malignancy increased. 
Uterine Cervirx—tIn nonmalignant lesions of the uterine cervix the aver- 
age areas of the nuclei and nucleoli were 30.97 and 0.78 microns, respectively, 
and the nucleonucleolar ratio was 32.7:1. In carcinoma the average areas of the 
nuclei and nucleoli were 63.7 and 7.0 square microns, respectively, and the average 
nucleonucleolar ratio was 10.1:1 (Table VIII). Biometric studies of inflamma- 
tory lesions revealed that the average areas of the nuclei and nucleoli were large, 
and the average nucleonucleolar ratio was more than three times as large as it 


TABLE VIII 


AREAS OF NUCLEI AND NUCLEOLI AND THE NUCLEONUCLEOLAR RATIO IN DIFFERENT GRADES OF 
CARCINOMA OF THE UTERINE CERVIX 


AREA, SQUARE MICRONS NUCLEONUCLEOLAR 
NUCLEI NUCLEOLI RATIO 


1 0 
2 2 54.4 | 69.4 | 61.9 4.2 6.3 5.3 | 8.631 |16.4:1|12.5:1 
4 57.3 | 79.5 | 66.3 5.1 13.9 45724 
4 3 55.0 | 59.1 | 62.9 5.5 6.7 6.0 | 9.3:1 |12.2:1)10.3:1 
9 7.0 


. 
+. 
4 
| 
AG 
age 


FERREIRA: RATIO OF CANCER TO HISTOLOGIC GRADING 1625 


was in carcinoma. In a benign polyp the nuclei were large but the nucleoli were 
small; the nucleonucleolar ratio was about as large as it was in normal tissue. 
In the biometric studies of carcinoma of the cervix the results were entirely 
different from the results of similar studies of carcinoma of other organs. 


COMMENT 


In carcinoma of practically every organ there was some overlapping of the 
areas of the nucleoli and the nucleonucleolar ratios. However, the overlapping 
usually was seen between grades 1 and 2, 2 and 8, or 3 and 4; it very rarely 
was noted between grades 1 and 3, 1 and 4, or 2 and 4. 

A careful examination of the results and the tables seems to leave no doubt 
that, in general, no matter what organ is considered, the average areas of the 
nucleoli in relation to those of the nuclei are absolutely and relatively much 
larger in carcinomas than they are in benign lesions. According to this, the 
average nucleonucleolar ratios are much smaller in carcinoma than they are in 
benign lesions. 

There were few individual specimens of nonmalignant lesions in which the 
nucleonucleolar ratio was almost as low or even as low as it was in carcinoma. 
This happened in inflammatory lesions and in benign tumors in which there was 
secondary cytoplasia. It is known how frequently certain benign tumors and 
chronic ulcers become malignant; the ulcers and tumors that become malignant 
probably are those that are associated with secondary cytoplasia. In the edges 
of chronic gastric ulcers and in some of the acini of benign epithelial tumors, the 
cells of secondary cytoplasia repeatedly have been seen passing through the 
basal membrane and invading the tissues in an area that histologically looked 
perfectly benign and had been’ previously diagnosed as such. The reverse is 
also true, particularly in carcinoma of the stomach. In the transitional zone of 
the mucosa where the growth stops and the normal or inflammatory mucosa 
begins, the mucosa looks histologically normal for a more or less long distance. 
However, in the same zone the microscopic examination with an oil-immersion 
objective shows that the acini are filled with cells of secondary cytoplasia, and 
oceasionally that one or more acini are broken. This permits the cells to pass 
into the stroma. The nucleonucleolar ratio of the cells of secondary cytoplasia 
in this transitional zone is practically the same as it is in the carcinoma near by.** 
The cells of secondary cytoplasia probably are cancer cells which have not yet 
invaded the stroma for some unknown reason. MacCarty,”* Broders,* Raaf,** and 
others have expressed the same opinion. Broders* went so far as to consider the 
cells of secondary cytoplasia as cancer cells within the tubules or acini. Other 
cells in which the nucleonucleolar ratios approximate the ratios in carcinoma 
are those of the membrana granulosa of the ovary, fetus, normal liver, and 
exophthalmie goiter. The metabolic activity of the cells of these tissues is well 
known. In addition, at least in the fetus and exophthalmic goiter, there is no 
doubt that the cells grow fast and have a great reproductive power. There- 
fore, it seems logical to admit that the-large amount of nucleolar substance and 
the low nucleonucleolar ratio in the nonmalignant lesions that were studied is 
somewhat related to the great metabolic activity and possibly also to the rapid 
growth and cellular division. This is not a new idea; the experimental work on 
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lower animals of Wace, Ludford, and Sayles seems to prove this. Sayles said: 
“The amount of nucleolar material present in a cell seems to be an index of the 
activity of its nucleus both in cell metabolism and in preparation for cell division. 
Two nucleoli within a single nucleus are the result of an increase in nuceolar sub- 
stance beyond the amount which ean exist within the nucleus as a single drop- 
let.’? The conclusions of Ludford are also conclusive since he said: ‘‘ Actively 
growing cells are characterized by their large nucleoli, and by the fragmentation 
and division of the same. In the adult, nucleoli of cells undergoing active metab- 
olism are relatively large, those in ‘resting condition relatively small.’ ’’ 

It is generally admitted that cancer cells are metabolically very active and 
have a great reproductive power. Fischer said that in the cultures of cancer 
cells there are found ten times as many mitotic figures as in the cultures of 
normal tissues. Since cultures of cancer cells grow slower than those of normal 
tissues, he explained this fact by the necessity of the cancer cells to divide quickly 
and said that many divide at one time in order to compensate for the loss of 
substance produced by the disintegration of many cancer cells whose life has a 
short duration as has been proved in growth of carcinomatous tissues ‘‘in vitro.”’ 
According to Broders and others, both metabolic activity and reproductive power 
of the cells in carcinoma increase from grade 1 to grade 4. On the other hand, 
in Tables I, II, III, and IV, it may be seen that the average area of the nucleoli 
inereases and the average nucleonucleolar ratio decreases in each grade from 
grade 1 to grade 4. This seems to prove that in malignant lesions the size of 
the nucleoli also is in direct relation with the degree of malignancy, or better, the 
nucleonucleolar ratio is in inverse relation with the degree of malignancy. The 
results shown in Table V corroborate this opinion. Although there is a slight 
decrease of the average area of the nucleoli from grade 1 to grade 2, the average 
nucleonucleolar ratio decreases in every grade from grade 1 to grade 4. The 
results shown in Table VI are not in agreement with this opinion, but they 
should not be considered when discussing averages; the number of carcinomas 
of the ovary in this series was very small. The same should be said for the 
results shown in Table VII, although these corroborate my opinion. For the 
same reason, the results shown in Table VIII will not be discussed. Even if this 
table had included a large series of cases the results should not be considered 
because most of the carcinomas of the cervix are treated by radium before opera- 
tion is performed; this alters structures, metabolic cellular activity, and growth. 

The following questions might arise: (1) If the amount of nucleolar mate- 
rial increases with the grade of carcinoma, or rather, if the nucleonucleolar ratio 


decreases according to the grade of carcinoma, how shall the overlapping from . 


grade to grade be explained? (2) Why do certain grade 1 carcinomas, in the 
same organ have the same nucleonucleolar ratio as some grade 2 carcinomas? 
(3) In the same organ, why is the nucleonucleolar ratio in grade 2 carcinoma the 
same as in grade 3 carcinomas, and occasionally even in grade 4 carcinomas? 
The answers to these questions can be only the following ones: (1) The grad- 
ing of carcinomas depends to a certain extent upon personal estimation of the 
pathologist who did the grading. (2) The grading of carcinoma has value for 
orientation of treatment and prognosis but mainly when considered for a group 
of eases. For some unknown cause the cells of a grade 2 carcinoma may at any 
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time become very active and soon behave as a grade 8 or 4 carcinoma. On the 
contrary the cells of a grade 3 or 4 carcinoma may possibly become inactive, and 
the tumor thus become quiescent. 

The relation of the nucleonucleolar ratio to cellular activity being admitted, 
the lack of constance of that ratio that has been found by different authors, or 
even by the same author on different occasions, in normal and pathologie tissues 
of the same kind can be understood. Thus, for example, in malignant lesions of 
the stomach the discrepancy of results found by Haumeder (9:1), Naidu (16:1), 
and myself (14.9:1) is probably due to the fact that in the series of cases studied 
by Haumeder there were more carcinomas of a high grade than there were in the 
series studied by Naidu and myself. 


CONCLUSIONS 


1. The average areas of the nuclei and nucleoli, and the average nucleo- 
nucleolar ratio, are not the same in all normal tissues; they vary, probably, 
according to the function of the organ, and in the same organ they vary with the 
metabolic activity. 

2. In nonmalignant lesions the average area of the nucleoli is smaller and 
the average nucleonucleolar ratio is larger than in carcinoma. 

3. In the cells of the fetus, normal liver, membrana granulosa of the ovary, 
and exophthalmic goiter the areas of nucleoli and the nucleonucleolar ratios 
approximate those found in carcinoma. This is probably attributable to the 
great metabolic activity of these cells. 

4. There is more variation in the extreme areas of the nuclei and nucleoli 
in carcinoma than there is in nonmalignant lesions. 

5. The average area of the nucleoli and the average nucleonucleolar ratio 
vary according to the degree of malignancy ; the former in a direct and the latter 
in an inverse proportion. In carcinoma the average area of the nucleoli increases 
and the average nucleonucleolar ratio decreases from grade 1 to grade 2, from 
gerade 2 to 3, and from 3 to grade 4. 

6. The increased amount of nucleolar substance in cancer cells is most prob- 
ably attributable to the great cellular metabolism and cellular division character- 
istic of those cells. ; 

7. The increasing of nucleolar substance associated with the increasing in 
the grade of carcinoma is most probably attributable to the increase of cellular 
metabolism and cellular division from grade 1 to 2, from grade 2 to 3, and 


from grade 3 to 4. 
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TOXIC REACTIONS WITH GOLD SALTS IN TREATMENT OF 
RHEUMATOID ARTHRITIS* 


Ropert M. Lintz, M.D., NEw York, N. Y. 


N ANY disease where new remedies are being introduced at frequent intervals 
one can be sure that none of the proposed methods has a generally accepted 
value. This condition has prevailed particularly in the treatment of rheumatoid 
arthritis where an unusually large number of preparations have been suggested. 
The typical course for such a ‘‘new’’ treatment, as stated by Hench and others* 
is that it ‘‘. . . rises rather rapidly, reaches its peak in about 3 to 5 years, then 
falls as adverse reports begin to outnumber the optimistic ones. Finally, use of 
the treatment in any significant degree dies out after 8 to 10 years.’’ These 
same authors point out that it is significant that the curve of acceptance of gold 
salts in the treatment of rheumatoid arthritis is still rising after ten years of use. 
Many enthusiastic reports on gold compounds in rheumatoid arthritis have 
been appearing in the European literature, and recently favorable reports have 
been made by American workers in this field. One of the earliest American re- 
ports is by Phillips,? who employed chrysotherapy in 18 patients, 9 of whom 
were diagnosed as having rheumatoid arthritis. Phillips was not favorably im- 
pressed with the value of gold salts. Shortly after this Oren* gave his results 
with gold salts in 100 cases of arthritis. Of the 66 cases of rheumatoid arthritis 
in his series, 60 ‘‘responded well.’’ Key and his co-workers‘ have reported their 
results from the arthritis clinic of the Washington University School of Medi- 
eine, St. Louis. In 70 eases of rheumatoid arthritis they found gold salts’ 
definitely ameliorated the course of the disease in the majority of the patients, 
regardless of the duration of the disease. Sashin, Spanbock, and Kling® found 
moderate to marked improvement in 85 per cent of the 80 patients with rheu- 
matoid arthritis who received gold salts. Snyder, Traeger, and Kelly® noted im- 
provement in 48 per cent of the 50 cases of rheumatoid arthritis after chryso- 
therapy. 

Those who have had experience with this form of therapy emphasize that, 
although we have in chrysotherapy a most effective method for the treatment of 
rheumatoid arthritis, the use of the gold preparations is not entirely without 
danger. Hartfall, Garland, and Goldie’ reported toxic reactions in 41.9 per cent 
of 900 patients treated with gold compounds. They had 7 deaths—a mortality 
rate of 0.78 per cent—definitely attributable to gold salts. Sixty-three per cent 
of the patients treated by Key‘ had some form of reaction. Crosby® has com- 
pared this group of reactions to the accidents that occurred in the early days of 
organic arsenical drugs. 


*From the New York Hospital, the Second (Cornell) Medical Division, Bellevue Hospital, 
and the Department of Medicine of Cornell University Medical College. 


Received for publication, June 24, 1940. 
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Chrysotherapy is constantly becoming more popular, and pharmaceutical 
-houses are preparing advertising campaigns to acquaint physicians with the 
merits of their preparations. In view of the widespread interest that is being 
created by this type of treatment, it is of utmost importance that the physician 
recognize the different types of reaction to the drug and that the accumulated 
experience of previous workers be utilized in forming a basie¢ plan of treatment. 
We have followed more than 100 clinic and private patients treated with gold 
compounds during the past two years, and it is on our experience with this 
group that this report is based. 


SKIN REACTIONS 


The most common toxic reactions due to gold preparations are those oceur- 
ring in the skin. Pruritus is very frequent after chrysotherapy ; it may be gen- 
eralized or it may involve one or more localized parts of the body. Erythema, 
often accompanied by pruritus, is also a frequent complication. This, too, may 
be local or generalized in its distribution. One often encounters a lesion re- 
sembling lichen planus. There may be only one or two such areas, or there may 
be numerous patches scattered over the body. The lesions vary in size from a few 
millimeters in diameter to a patch having a dimensicn of 3 or 4 cm. In a few 
instances urticaria occurs. 

Occasionally a patient will develop exfoliative dermatitis. This is always a 
serious complication; when the process is widespread, the patients are very 
susceptible to pneumonia. 

The pruritus, erythema, and urticaria reactions generally clear shortly after 
stopping the gold compounds. The lesions resembling lichen: planus not infre- 
quently persist and spread for a period of several months after discontinuing 
therapy. The seriousness of exfoliative dermatitis seems to be in proportion to 
the extent of the lesion, and the treatment is the same as that of a similar lesion 
due to an arsenical or other agent. One of our patients developed a complete 
elovelike desquamation of the skin of both hands and recovered without the aid 
of any particular therapy. 


LESIONS OF THE MOUTH 


Second only to skin lesions in frequency are the reactions that occur in the 
mouth. The usual mouth involvement is a soreness that is noted especially in the 
tongue ; at times the patient will complain of numbness of the tongue. Examina- 
tion of the mouth at this time reveals no unusual findings. In other instances 
an ulcerative stomatitis occurs. This is very painful when the patient takes food. 
Occasionally there are small ulcerations of the buccal mucous membranes. After 
stopping therapy, the duration of mouth lesions is roughly in proportion to the 
severity of the involvement, the ulcerations persisting as long as two or three 
months. 


GASTROINTESTINAL LESIONS 


Disturbances of the gastrointestinal tract have been seen fairly often by 
some workers, but in our experience we have not found it a frequent complica- 
tion of gold therapy. The patient who has a reaction involving the gastroin- 
testinal tract will complain of cramps, nausea or vomiting, or diarrhea. These 
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symptoms may be mild or severe and may occur alone or in combination. Reac- 
tions of this type will clear promptly after the gold salts are stopped. 


HEPATIC LESIONS 

Jaundice of a benign type is seen at times. It is probably due to a toxic 
hepatitis and is very apt to run a lengthy course. Several fatal cases of acute 
yellow atrophy of the liver have been mentioned by others,’ but this type of 
reaction is very rare. 


RENAL LESIONS 


A mild albuminuria is a very frequent complication and is no indication for 
stopping the medication. Hematuria or a marked degree of albuminuria will 
disappear shortly after discontinuing treatment. 


VASOMOTOR REACTIONS* 


In almost every case the patient will experience a flushing of the face within 
one or two minutes after receiving the gold compound. The face appears fiery 
red, and the patient complains of a feeling of unusual warmth, often accom- 
panied by a sensation of giddiness and vertigo. This reaction generally passes 
away in three or four minutes and leaves no aftereffect. One of our patients 
had such a reaction occurring about eight hours after he received the gold prep- 
aration. In another instance the vasomotor reaction became more severe with 
each subsequent treatment and the patient eventually had an attack of syncope. 
The patient collapsed and for several seconds the radial pulse could not be made 
out and the heart sounds were not audible. Stimulants were used and as the 
heart action resumed showers of ectopic beats were made out; in an hour’s time 
the regular sinus rhythm was restored. 


LOCAL REACTIONS 


A large number of patients complain some time in the first two to six weeks 
of treatment that their arthritis is very much worse. Examination at this time 
will reveal that there has been a flare-up in joints in which the arthritis has been 
dormant and that there has been an increase of pain in the joints showing an 
active arthritis. Most of the patients experiencing this sort of reaction are 
likely to show a very satisfactory improvement with continued gold salt therapy. 
At times the exacerbation of joint symptoms will be accompanied by a rise of 
temperature to 102° or 103° F. Ina few cases the temperature rise has occurred 
with no indication of joint or other reaction. 


BLOOD DYSCRASIAS 


It is in this group of reactions that fatalities are most likely to occur. For- 
tunately, reactions of this type are very infrequent. Cases of thrombocytopenic 
purpura, agranulocytosis, and aplastic anemia have been described, and in sev- 
eral instances a fatal outcome has resulted. 


TIME OF ONSET OF REACTIONS 


Except for the vasomotor disturbances it is impossible to predict the time of 
occurrence of reactions. Any of the reactions that have been described can oc- 


*This type of reaction occurred principally with myochrysine. Recent change in the 
method of producing the preparation has practically eliminated this vasomotor effect, 


x 
i 
\ 


1632 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE ~ 


eur after the first full dose of gold. Frequently a reaction will occur midway in 
a course of treatment. Many toxic reactions have occurred at a considerable 

time after the cessation of chrysotherapy. Reznikoff® treated a young nurse for 
i aplastic anemia five years after she had received gold salts for lupus vulgaris. 
It is the unpredictable nature of these reactions that constitutes the chief hazard 
in the use of gold salts in rheumatoid arthritis. 


PREVENTION AND TREATMENT OF REACTIONS 


Were it possible to prevent or minimize the reactions to gold salts we would 
have a potent remedy that could be employed easily by any physician. In an 
early paper in which they report on their first 100 cases of rheumatoid arthritis 
treated with gold salts, a statement made by Hartfall and Garland’? is still 
most pertinent: ‘‘Chrysotherapy should only be undertaken by those who are 
fully alive to its dangers. The patient should be warned of these possibilities.’’ 

Skin tests and patch tests have been of no value in indicating those who 
might have reactions. The simultaneous parental administration of sodium 
thiosulfate or of calcium preparations has not reduced the incidence of reac- 
tions. At times it has seemed that an increased vitamin C intake, such as can 
be obtained from the daily intake of several glasses of orange or tomato juice, 
lowered the number of reactions, but this has not been confirmed. 

The reactions are treated by a method identical to that employed in similar 
lesions due to any other cause or factor. Nicotinic acid has been considered 
1 helpful by some in the treatment of the minor reactions; others have favored 
cevitamic acid; neither seems to alter the course of reactions to any significant 
degree. In exfoliative dermatitis sodium thiosulfate and calcium salts are 
recommended empirically. 


CONTRAINDICATIONS 


The only definite contraindications to the institution of gold salt therapy 
are blood dyscrasias and diseases of the kidneys or liver. Patients with hepatic 
or renal involvement, or who have had serious disturbance of the hematopoietic 
system are poor risks for this form of therapy. Gold compounds should be 
used with extreme caution in patients who give a personal or familial history 
of allergy. Treatment should be stopped at the first sign of any reaction, regard- 
less of how trivial it may seem. When skin lesions, lesions of the mouth, gastro- 
intestinal disturbances, and the less severe renal lesions have completely disap- 
peared, treatment may be resumed. If any other type of reaction should occur, 
it is not advisable to resume gold therapy. 

The presence of essential hypertension or of arteriosclerosis is no contra- 
indication to this method of treatment. 


CHOICE OF PREPARATIONS 


There are several preparations of gold salts on the market; these differ in 
composition of the salt but all have in common the presence of a sulfur radical 
in the compound. There is a considerable difference of opinion in regard to 
variation in toxicity of the different preparations. Some of the patients who 
have toxic reactions appear to have an idiosynerasy to gold and react to the 
first dose or to very small doses. Others seem to require a certain amount of 
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the gold salts before they have a similar reaction. In this latter group the 
problem arises whether it is safer to employ any particular compound. 

We have preferred a watery solution of gold sodium thiomalate (myo- 
chrysine) given intragluteally. With this preparation we have had the usual 
minor toxic reactions and occasionally one of the more severe type. There have 
been no fatalities in this group. Gold sodium thiomalate is being used satis- 
factorily by many who are employing chrysotherapy. 

In a very small series of patients who received gold sodium thiosulfate in 
our arthritis clinic at Bellevue Hospital, there have been two with very severe 
reactions, one of whom died. One. of these patients developed an exfoliative 
dermatitis after receiving an initial dose of 0.05 Gm. of gold sodium thio- 
sulfate intravenously, followed by 8 injections of 0.1 Gm. at weekly intervals— 
a total of 0.85 Gm. of the drug. She was admitted to the hospital and subse- 
quently developed a lobular pneumonia which proved fatal. Additional autopsy 
findings consisted of acute colitis and parenchymatous degeneration of heart, 
liver, and kidneys. The other patient received 10 intravenous injections of 
gold sodium thiosulfate in the same manner, or a total of 0.95 Gm. of the drug 
in ten weeks. Within a few days she developed large patches resembling lichen 
planus that covered the arms, face, and chest. Shortly after the appearance of 
the skin lesions large purpuric areas appeared on the feet. Eight months after 
the onset of these lesions the only change seemed to be an increase in the areas 
of the purpura. At this time her blood platelet count was reduced to 40,000 
per cubic millimeter. It would seem that the intravenous use of gold sodium 
thiosulfate is definitely attended with increased risk.* 


- PLAN OF USH 


Before starting chrysotherapy the patient should have a thorough physical 
examination. Laboratory work should consist at least of a complete blood 
count, blood platelet count, red blood cell sedimentation rate, and urinalysis. 
As already indicated, our choice of preparations is a watery solution of gold 
sodium thiomalate (myochrysine). This preparation is given into the gluteal 
muscles at weekly intervals. The initial dose should consist of 0.01 Gm. of the 
salt (which contains 50 per cent gold), followed by 0.025 Gm., 0.05 Gm., and 
0.1 Gm. thereafter until a total of 1.0 Gm. is given. The laboratory determina- 
tions mentioned above must be repeated at intervals not exceeding four weeks. 
With the appearance of any significant change (except in red blood cell sedi- 
mentation rate) the determinations should be done weekly and the gold stopped 
if an unsatisfactory trend appears. Frequently a return of the red blood cell 
sedimentation rate toward normal coincides with the clinical improvement of 
the patient. At other times a patient may feel much better, but the red blood 
cell sedimentation rate will not change. At the end of a course the patient is 
given a rest period of six to eight weeks. If there has been no improvement in 
the condition, a second, and even a third, course should be given, observing the 
usual precautions. Should there be marked improvement by the end of the first 
or second course, it is generally advisable for the patient to receive another 
full course after a proper rest interval. 


*In a subsequent series of cases where the maximum single dose of gold sodium 
ps migpersen mes 0.05 Gm., excellent clinical results were obtained with a minimum of minor 
oxic reactions, 
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SUMMARY 


In gold salts we have a valuable drug for the treatment of rheumatoid 
arthritis. The use of this preparation is attended with certain risks, and the 
physician must be able to recognize the first manifestation of any toxic reac- 
tion. These reactions, which may occur as exacerbation of joint symptoms or 
as lesions of the skin, mouth, gastrointestinal tract, liver, kidneys, vasomotor 
apparatus, or hematopoietic system, have been described. Fatalities have been 
reported with the use of gold compounds subsequent to the development of 
exfoliative dermatitis, acute yellow atrophy of the liver, and the blood dys- 
crasias. It is not possible to predict the time of occurrence of reactions since 
they may appear any time between the first injection and a time several months 
after the cessation of chrysotherapy. Suggested methods of preventing and 
controlling reactions have not proved successful. Chrysotherapy is contra- 
indicated in patients with involvement of liver or kidneys or the hematopoietic 
system and should be used with caution in those having a history of allergy. 
Treatment should be discontinued at the first sign of any toxic reaction and 
may be resumed when the signs have cleared, except in those patients who de- 
velop exfoliative dermatitis, blood dyscrasias, or severe hepatic or renal lesions. 

The preparation we prefer is a watery solution of gold sodium thiomalate 
(myochrysine) given intragluteally in doses no larger than 0.1 Gm. at 
weekly intervals until a total of 1.0 Gm. has been administered. Following a 
rest period of six to eight weeks a second, or even a third, course is given as 
indicated. To properly safeguard the patient, it is essential that in addition to 
a thorough physical examination certain laboratory procedures be done before 


starting gold salt therapy. These determinations should consist of a complete 
blood count, blood platelet count, red blood cell sedimentation time, and 
urinalysis. This laboratory work should be repeated at least every four weeks, 
and with the appearance of any unfavorable change the determinations should 
be done weekly. Treatment should be discontinued if an unsatisfactory trend 


appears. 
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CLINICAL CHEMISTRY 


THE CHEMISTRY OF INFECTIOUS DISEASES* 


II. CystiInE CoNTENT OF. THE HypDROLYSATES OF BLoop SERA 
IN EXPERIMENTAL PNEUMONIA IN Dogs 


M. L. CrosstEy, Pu.D., BRuNo VassEL, Pu.D., G. L. CuristopHer, Px.D. 
StamMForpD, Conn. 


RDICKA! interpreted the decrease in the height of the polarographic 

waves of cancerous sera as being due to less cystine, i.e., cystine plus 
eysteine. Applying the Heyrovsky polarograph to the study of whole sera of 
type I pneumococeus infected dogs, we observed that the height of the catalytic 
protein wave also decreased with an increase in the severity of infection, and 
returned to normal upon recovery of the animal.? Brdicka' believed that the 
height of the polarographic double wave of serum in cobaltic ammonium buffer 
is a measure of the amounts of available sulfhydryl and disulfide groups of 
the serum proteins, while nonproteic sulfhydryl and disulfide groups (i.e., 
free cysteine and cystine) in trivalent cobalt buffer are without influence? on 
the height of the wave. Consequently, a decrease in the wave height of whole 
serum with pneumococcal infection would indicate a diminution of peptide 
cystine. To ascertain the correctness of this deduction, the cystine content of 
the acid hydrolysates of dog sera before and after pneumococcal infection was 
determined. 

EXPERIMENTAL 


The care of the dogs and the production of experimental pneumonia accord- 
ing to the procedure of Terrell, Robertson, and Coggeshall*t were described in 
a previous report.” 

Samples of 0.4 ml. of serum were refluxed with 2.5 ml. of the formie acid- 
hydrochloric acid mixture of Miller and du Vigneaud‘ in an all-glass apparatus 
in an oil bath at 110 to 120° C. for eighteen hours. After dilution with 5 N 
hydrochloric acid to 10 ml., cystine was determined on 1 ml. aliquots in triplicate 
by the method of Vassel,® care being taken to prepare the standard cystine curve 
from a eystine solution of identical formic acid and hydrochloric acid composi- 
tion and of the same normality (average 7 N) as that of the hydrolysates. For 
the polarographic analyses 1 ml. of the hydrolysate was diluted with water to 


*From the Research Laboratories of the American Cyanamid Co., Stamford, Conn., and 
the Caleco Chemical Division, Bound Brook,*N. J. 
A report of this work was presented at the One ” aude Meeting of the American 
Chemical Society, Detroit, Mich., September 9 to 13, f 
Received for publication, February 13, 1941. 
ea ~Culture furnished through the courtesy of Dr. O. H. Robertson, of the University of 
cago. 
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4 ml., and 0.5 ml. of this solution was added to a cobaltous ammonium buffer 
of the following composition : 


To 2 ml. of an 0.008 N cobaltous chloride solution was added 1 ml. of 1 N 
ammonium chloride, followed by 1 ml. of 1 N ammonium hydroxide and 5.5 ml. 
of water. The mixture was then electrolyzed with the galvanometer set at 
V4 og sensitivity. 

The polarographic cystine values were at first determined by the procedure 
of Stern, Beach, and Macy.® This led to results which were found to be uni- 
formly 15 to 25 per cent lower than those obtained by the colorimetric method. 
When a standard curve was prepared by plotting the increase in wave height 
of the catalytic wave against increasing amounts of pure cystine in acid solu- 
tions of identical composition and normality with those of the hydrolysates, a 
calibration curve was obtained which when used on the serum hydrolysates 
gave cystine values which were within +5 per cent numerically the same as those 
MOLS ARGININE 


5.42 » 10-8 MOLS CYSTINE + 1.94 1077 
MOLS HISTIDINE 


RELATIVE GALVANOMETER DEFLECTION 


-90 “1.10 -1.40 -1.50 -1.60 “1.70 -1.80 
VOLTS 


Fig. 1.—The depressing effect of arginine and histidine on the polarographic wave height of 
eystine in cobaltous ammonia buffer. 


obtained by the procedure of Stern and others,® and which were uniformly 
lower than those obtained by colorimetry. However, since the solution used in 
preparing the calibration curves contained no other amino acids than cystine, 
this agreement seemed surprising, for Sladek and Lipschuetz’ state that the 
presence of arginine and histidine depress the wave height of cystine polaro- 
grams. We found that the addition of these and other amino acids in amounts 
similar to those found in serum’ did not depress the wave height when added 
separately or together to 0.015 mg. of cystine. The following amino acids were 
tested in this manner: 0.17 mg. of arginine, 0.004 mg. of histidine, 0.02 mg. of 
tyrosine, 0.004 mg. of tryptophane, and 0.027 mg. of glutamic acid. If the 
amounts of arginine and histidine are increased, however, then both amino acids 
depress the wave height, histidine exerting a greater effect, mol for mol, than 
arginine. This is shown in Fig. 1, where curve I is the polarogram of 5.42 x 10° 
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mols of cystine in cobaltous ammonium buffer. The addition of 3.86 x 10° mols 
of arginine (curve II) or 0.194 x 10°° mols of histidine (curve IV) will depress 
the current-voltage wave of 5.42 x 10° mols of cystine by 18 per cent, while 
10.6 x 10° mols of arginine depress it 39 per cent (curve III) and 1.94 x 10° 
mols of histidine 43.5 per cent (curve V). The presence of appreciable amounts 
of histamine will also influence the cystine wave height. Histamine in cobaltous 
ammonium chloride buffer shows a maximum of its own at —1.75 volts. Since 
the maximum produced by eystine occurs at —1.65 volts, the presence of histamine 
inereases the wave height of the cystine polarogram. 

The procedure of Stern and associates® is much more time-consuming than 
the use of a standard cystine curve without, apparently, gaining in accuracy. 
The majority of the cystine values reported here were, therefore, calculated from 
a cystine calibration curve, i.e., the wave height produced by pure cystine solu- 
tions were compared to that given by the hydrolysate. 
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Fig. 2.—Curves I to IV. Cystine content of the serum of normal Dog XI two hours 
after a meal (I—colorimetric, II1I—polarographic) and twenty hours after a meal (II—colori- 


metric, IV—polarographic). Curve V—variations in cystine content of Dog XII after infection 
with type I pneumococcus. 


RESULTS AND CONCLUSIONS 


The normal variations in the eystine content of serum hydrolysates of the 
same dog are plotted in Fig. 2, where curves I and III represent colorimetric 
and polarographic cystine determinations of the blood of the same dog drawn 
on different days after about twenty hours of fasting. Curves II and VI repre- 
sent the corresponding cystine curves two hours after feeding. Although the 
colorimetric and polarographic determinations vary in absolute values, the graphs 
of the analyses by the two methods run fairly parallel to each other. They also 
show that the tendency to fluctuate is independent of the time of day at which 
the blood was drawn and of whether or not the animal had been given food 
recently. These normal variations were of the same magnitude as those previ- 
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Fig. 3.—Variations in the cystine content of the serum hydrolysates of 3 dogs after 
infection with type I pneumococcus. Curve A—analysis by a colorimetric method; curve B— 
analysis by the polarographic method. 
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ously observed when the fluctuations of the whole sera of normal dogs were 
analyzed polarographically in cobaltic ammonium chloride buffer.2 The lowest 
normal cystine value of the eight dogs is 300 and 200 mg. per cent for the 
colorimetric and polarographic methods, respectively, while maximum values 
for the two procedures were 420 and 260 mg. per cent. The maximum fluctua- 
tion of an individual dog amounted to about +15 per cent of the average nor- 
mal value in either of the two methods, this tendeney being directed more 
toward higher than toward lower values. It was noticed, furthermore, that the 
serum hydrolysates from normal puppies always contained appreciably less 
eystine per 100 ml. of serum than those of older animals. 

During the first twenty to sixty hours after infection with type I pneumo- 
coecus, corresponding to the spreading of the infection in the lung as shown by 
x-ray, a sharp drop of 15 to 30 per cent of the former average cystine value of 
the dog serum occurred. The sudden decrease was not continuous but fluctuated, 
showing a strong downward tendency, this being opposite to the normal tendeney. 
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Fig. 4.—Variations in cystine content (I), body temperature (II), and total solids (III) of 
the serum of Dog I after infection with type I pneumococcus. 


In Fig. 3 serum cystine concentrations were plotted against time after infec- 
tion for three representative cases of the eight dogs studied. The results of the 
colorimetric analyses are designated curves. A, while curves B represent always 
the corresponding polarographic values. It can be seen that after the lowest 
concentrations were reached, the cystine values returned during the next one 
hundred to two hundred hours after infection to their previous normal levels, 
even exceeding them at times, as if by a compensatory mechanism. During this 
period the x-rays show that resolution of the infected area of the lungs is tak- 
ing place. 

From the three hundredth to the six hundredth hour after infection, corre- 
sponding to the time of recovery as measured by the polarographic peptone 
wave? and by the completed resolution of the lungs, the cystine content of the 
serum returned to its normal level. The graph of Dog XII is of special interest, 
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Fig. 5.—Cystine (I) and nitrogen (II) content of the sera of 3 dogs after infection with type 
I pneumococcus, 
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inasmuch as this animal died at the two hundred and fiftieth hour after infee- 
tion (Fig. 2, curve V). A rather steady decrease from a normal level of 340 mg. 
per cent to a low of 234 mg. per 100 ml. of serum occurred during the illness, 
the latter value being one of the lowest cystine levels found (colorimetrically) 
in this study. 

A comparison of the cystine concentrations of the serum hydrolysates dur- 
ing infection (Fig. 4, curve I) with the body-temperature (Fig. 4, curve IT) 
and with the solid contents of the serum of the same dog (Fig. 4, curve IIT) 
is very interesting. While the parallelism is not absolute, there is a tendency 
for the cystine level to decrease with a fall in total solids, preceded by an 
increase in body temperature. The first indication of pathologic. symptoms is 
always reflected first in changes of the body temperature, while the changes in 
total solid and cystine values lag by seven to twenty-four hours. The low body 
temperatures observed during the first ten hours after infection are produced 
by the injection of morphine sulfate which is used to lower the resistance of the 
body to the invasion of the pneumococci. The drop in the serum solids reaches 
a maximum of 8 to 10 per cent below the normal level, while the maximum 
decrease in cystine concentration is from 20 to 30 per cent. In an attempt to 
explain this observation the total and nonprotein nitrogen values were studied 
in a few of the dogs. The latter decreased during infection from 50-55 to 
30-45 mg. per cent, while the former fell from a normal level of 1,000-1,150 to 
800-950 mg. per cent. In Fig. 5 the decrease in total nitrogen, as well as the 
corresponding decrease in cystine, is plotted against time after infection for 
Dogs I, IV, and VI. It is evident that the nitrogen and eystine curves run 
fairly parallel to each other. Occasional sudden and large deviations from this 
parallelism, especially noticeable in the case of Dog VI, cannot be explained. 
The maximum decrease in nitrogen amounts to 20-25 per cent, which approxi- 
mates very closely the percentage drop in cystine. 

Thus, during infection the observed fall in the cystine values of the serum 
hydrolysates are closely related to the corresponding lowering of the total nitro- 
gen of the serum, undoubtedly representing changes in serum protein concen- 
tration. The previously observed fall in the height of the polarograms of whole 
dog sera with pneumococcal infection? must, therefore, be attributed also to a 
decrease in proteic cystine. 


SUMMARY 


The cystine content of the hydrolysates of dog sera after infection with 
type I pneumococcus was determined. Parallel analyses were made with 
colorimetric and polarographic analytical methods. 

The colorimetric procedure gave uniformly higher values than the polaro- 
graphic procedure. 

Both methods showed that the cystine content of the serum hydrolysates 
decreased during infection, and returned to normal upon recovery. 

The percentage decrease in cystine concentration of the serum. hydrolysates 
was paralleled by the percentage fall in their total nitrogen content. This sug- 
gested that a fall in the protein level occurred during infection. 
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EFFECT OF DESOXYCORTICOSTERONE ACETATE ON 
HYPOCHLOREMIA IN PNEUMONTA* 


Rosert A, NEwsurGER, M.D., New York, N. Y. 


HE present study was undertaken to determine what effect, if any, des- 

oxycorticosterone acetate has upon the hypochloremia so frequently found 
in patients with pneumonia. 

McLean’ in 1915 observed that chloride is treated by the kidneys as a 
threshold substance and that the threshold is decreased in pneumonia. Follow- 
ing crisis, the threshold rises and chlorides are retained until normal serum 
levels are reached. The presence of a lowered renal threshold hardly provides 
a complete explanation for the hypochloremia; however, since desoxyéorti- 
costerone acetate, among its other effects, produces a rise in the renal threshold 
for chloride in Addison’s disease, it was thought possible that this would 
result in a rise in the chloride, which might be beneficial in patients with 
pneumonia. 

MATERIAL 


For the purpose of the experiment there were selected 4 patients acutely 
ill with lobar pneumonia of two to five days’ duration who had serum chloride 
concentrations of 95.1 milliequivalents per liter, or less. Detailed balance 


*From the Department of Chemistry, New York University College of Medicine. 
Received for publication, January 15, 1941. 
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studies were not made. The effect of desoxycorticosterone acetate was de- 
termined by following the chloride and carbon dioxide contents of the serum. 
All patients were given 6 Gm. daily of sodium chloride (Lilly’s Enseals). The 
diets were liquid or soft, without added salt except that taken as desired by the 
patients from weighed salt shakers. Chlorides were determined by the method 
of Patterson,? and the carbon dioxide content by the method of Van Slyke and 
Neill.? 

‘ The.dosage of desoxyecorticosterone used was between 10 and 20 mg. per 
day (in the form of a solution in ‘sesame oil, given intramuscularly). The 
results of treatment in the 4 patients are summarized in Table I. 


“TABLE I 
Nacl SERUM 
CASE DAY INTAKE* CHLORIDE 
(GM. ) MEQ./L. 
] 6.0 10 94 121 
2 6.0 10 89 121 
| 3 6.0 10} 91 122 
4 0 95 
1 4.0 10 90 117 
2 6.2 10 90 gy 
2 3 152 10 89 119 
4 15.0 0 
5 0 92 124 
1 T3 20 95 122 
3 2 6.7 15 102 131 
3 0 104 13st 
r 1 6.0 0 94 123 
4 2 6.0 0 100 132 
3 0 104 132 


*In addition to amount in “salt-free” diet. 
+Desoxycorticosterone acetate. 
¢Plus 10 e.c. Cortin (Upjohn) intravenously. 


RESULTS 


Daily 10 mg. doses of desoxycorticosterone acetate did not appear to raise 
significantly either the serum chloride level or the sum of the carbon dioxide 
and chloride levels in pneumonia patients who were given not less than 6 Gm. 
of salt a day. In Case 3 where larger doses of the hormone were given, there 
was a moderate and steady rise in the serum chlorides, but as striking a rise 
took place in Case 4 where no desoxycorticosterone acetate was given. 

Clinically, there was no difference to be noted between patients receiving 
desoxycorticosterone acetate and those who did not, nor did the chloride levels, 
either initially or after treatment, seem to parallel in any way the clinical state 
of the patients. All 4 patients were under treatment with sulfonamide deriva- 
tives. 

These findings are similar to those reported by Winkler and Crankshaw‘* 
who were unable to raise the serum ¢hloride and sodium concentrations sub- 
stantially by the administration of salt and potent cortical hormone in a 
number of patients with hypochloremia accompanying tuberculosis, carcinoma 
of the lung, and arteriosclerotic heart disease. 
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SUMMARY AND CONCLUSIONS 


Of 4 patients with lobar pneumonia who had low serum chloride levels, 
3 were treated with desoxycorticosterone acetate, while one received salt alone. 
Ten milligrams daily of desoxycorticosterone acetate had no effect, and 15 to 20 
mg. had a very doubtful effect upon the serum chloride.. Clinically, there 
seemed to be no benefit to pneumonia patients treated with desoxycorticosterone 
acetate in the dosages administered. 
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BLOOD SERUM CALCIUM IN THE NEGRO* 


Harotp D. West, Px.D., AND NELSON C, JEFFERSON 
NASHVILLE, TENN. 


HE paucity of data in the literature on the serum calcium content of the 

blood of Negroes in the United States and environs constitutes a gap in our 
knowledge which bridged might be of value in explaining racial differences 
in susceptibility and response to treatment in certain diseases. The following 
report represents a study designed to establish a normal value for blood caleium 
in this group. 


EXPERIMENTAL 


A total of 385 determinations on blood serum calcium of 309 normal per- 
sons were carried out. All of them were American or foreign-born Negroes, 
representing thirty-two states, the District of Columbia, the Virgin Islands, and 
four foreign countries. The subjects were students, professors, instructors, 
technicians, secretaries, and janitors from the medical school, the George W. 
Hubbard Hospital, and a group of subjects including six children from a 
WPA Youth Center in Nashville. 


Blood was collected in the postabsorptive state. Samples were received in 
15 ¢.c. centrifuge tubes with careful handling in order that the erythrocytes 
might not be injured and a hemolytic serum be produced. The blood was al- 
lowed to clot, and the material was subjected to centrifugation for more com- 


*From the Department of Biochemistry, Meharry Medical College, Nashville. 
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plete separation. of the serum and the clot. Tubes were stoppered during 
centrifugation—loss of water through evaporation being sufficiently appreciable 
to give high values for the calcium. 

Analyses were carried out according to the Clark-Collip modification of 
the Kramer-Tisdall procedure,? and all determinations were done in duplicate. 
If any red blood cells or hemoglobin were present following precipitation of 


TABLE I 


Bioop SERUM CALCIUM IN NORMAL SUBJECTS 


STANDARD 

SUBJECTS NUMBER RANGE MEAN DEVIATION 
Normals 385 9.03-11.86 10.39 0.65 
Male 

Adults 341 9.03-11.86 10.41 0.69 
Female 

Adults 38 9.53-11.05 10.24 0.46 
Children 6 9.69-11.42 10.30 0.57 


calcium as the oxalate, they were removed as completely as possible in the sub- 
sequent washings in order that absence of any reducing noncalcium oxalate sub- 
stances might be assured. The permanganate titration was carried out in tubes 
held in a water bath at 70° to 75° C. The criterion for the normal state was 
based upon the results of a thorough physical examination, including serologic 
tests executed by a corps of technicians from the medical and hospital staff. 
Serum calcium was determined twice on blood from 76 normal subjects— 
the second samples being taken after an interval of from seven to twelve months. 


RESULTS 


The results of the experiment are shown in Table I. 


DISCUSSION 


Unique in the literature on the subject of blood serum calcium in Negroes 
is a paper’ in which the conclusion is reached that serum calcium averages 10.93 
mg. per 100 ¢.c.*—a value 0.48 mg. per 100 cc, higher than the normal blood 
serum calcium for white persons which is given as 10.50 mg. per 100 ¢.c. This 
normal was established on the basis of an average of forty-four determinations. 
Neither the range of values obtained nor the method used was given. Differ- 
ences in susceptibility to, and treatment of, tuberculosis in Negroes were ex- 
plained in part on this basis. ee 

In the present work a larger series was used and the subjects were taken 
from widely separated areas. The majority of the subjects were students and 
blood samples were taken shortly after their arrival in Nashville. Values ob- 
tained fell within the range of 9.03 to 11.86 mg. per 100 c.c., with a mean of 
10.39 mg. per 100 ¢.c. Since the normal value for blood serum calcium varies 
from 9.00 to 11.50 mg. per 100 e.c.,* with a mean value of 10.3,? it would seem 


*In the article cited the values actually given were expressed in — per 100 c.c. The 
author could not be reached but it was assumed that these were intended to read milligrams per 


100. 
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on the basis of the values obtained by us that the blood serum calcium for 
. the group here investigated is of the same order of magnitude as is that of others. 

Of interest in this connection are the reports of Radna* who found blood 
serum calcium in 134 natives of the Belgian Congo to vary from 9.97 to 10.73 
mg. per 100 ¢.c., and of Stone,® who suggested that the normal European range 
(9.00 to 11.00 mg. per 100 ec.) for ealeium should be adhered to in the in- | 
terpretation of calcium values of normal Rhodesian natives. 


Thanks are due to Mr. T. A. Jones for technical assistance, and to Dr. F. W. Claytor and 
Dr. J. S. Chandler for obtaining the blood samples. Above all are we grateful to the Dean of the 
aoe Dr. E. L. Turner, without whose interest and cooperation this work would not have been 
possible. 


CONCLUSIONS 


1. A total of 385 determinations of blood serum calcium on 309 Negroes 
were carried out. 

2. Blood serum calcium in this group is of the same order of magnitude as 
is found in other groups of the population. 

3. These results are not in accord with those of Harrell.* 

4. Supposed racial differences in susceptibility and response to treatment in 
tuberculosis cannot be predicated on differences in blood serum calcium. 
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LABORATORY METHODS 


GENERAL 
A SIMPLE CONSTANT INJECTION APPARATUS* 
H. M.D., Po.D., Anp W. H. Otson, IL. 


N OUR laboratory we have developed a practical and efficient apparatus for 
constant injection which has such advantages that we want to make its details 
known for the use of other investigators. 

Two types of constant injection pumps are most frequently used. First, 
a syringe, the barrel of which is moved forward mechaniecally,' and second, a 
pump with valves, by means of which the fluid from a container is aspirated 
and ejected into the animal. The best known pump of this type is the Woodyatt 
pump,” and it is a modification of this apparatus that we are reporting here. 
The rotor type of injection pump avoids the use of valves but is better suited 
for injection of larger amounts of fluid. 

Description of Apparatus.—A 110 volt, 2 amperes, %o horse power, 60 eycle 
constant speed motor with 1,125 r.p.m. is employed.t The motor has a built-in 
reduction gear with a ratio of 40:1. The gear of the motor is connected to a 
reduction gear box, as shown in Fig. 1. A simple gear shift (A), as used by 
Soskin in the most recent modification of his constant injection pump,! permits 
easy shifting between the seven variable speeds. The transmitting axis of the 
gear box is connected to a stroke length adjuster which is manipulated by a 
screw (B) and can be set by a wing screw (C). The rotating motion of the 


stroke length adjuster is transformed to horizontal linear motion by D, which is © 


TABLE I 


VOLUME EJECTED BY PUMP AT STROKE LENGTH OF 10 MM. AND VARYING SPEEDS 


TIME VOLUME IN C.C. 
IN 1ST SPEED | 2ND SPEED |3RD SPEED |4TH SPEED|5TH SPEED|6TH SPEED|7TH SPEED 
MIN. 11% s.P.M.*| 3 S.P.M. 6 s.P.M. | 12 S.P.M. | 24 s.p.M. | 48 S.P.M. | 96 S.P.M. 
16 8 15.5 30 » §9 116 235 460 
30 15.5 30.2 60 118 232 465 920 
45 23:5 45.5 90 176 350 700 1,380 
60 31.0 60.5 120 235 466 930 1,840 


*S.P.M. = Strokes per minute. 


transmitted to the piston of a 1 ¢.c. tuberculin syringe by way of a serew cap 

attachment FE to the top of the piston of a syringe. The tuberculin syringe is 

adjusted to exactly the same height as D in an adjustable support in which it 
*From the Department of Gastro-Intestinal Research, Michael Reese Hospital, Chicago. 
+Bought from the Bodine Motor Co., Chicago, Type NSA53R. 


Aided by the A. B. Kuppenheimer Fund. 
Received for publication, July 18, 1940. 
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is clamped down tightly. Larger syringes can also be used. The tip of the 
. syringe is connected by pressure tubing to a small T-piece F, the ends of which 
are connected to the valves. All (glass) connections are glass to glass. The valves 
are constructed in the following manner (Fig. 2): A piece of thick capillary 
glass tubing is covered on one side by a thin dental rubber dam which is tied 
to it on a small groove. At the side of the capillary tube a small incision is 
made into the rubber membrane with a razor blade, and the capillary tube and 
the glass jacket are connected by means of a piece of heavy rubber tubing. 
This valve has the advantage of great simplicity, small dead space, no backflow, 
and practically no elastic back pressure. The intake part of the valvular system 
dips directly into a beaker containing the fluid to be injected. This makes 
it easy to change from solution to solution for injection purposes. The outlet 
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valve is connected to the injection cannula in the animal through a thin rubber 
tube. The volume of fluid in the complete valvular system is 6 ¢.c. Table I 
demonstrates results obtained in tests with the assembled instrument. Each num- 
ber is the average of three determinations, except the last one which was repeated 
ten times. The tests were extended over a period of three days, with no change 
in the degree of accuracy of performance. In order to obtain exact results all 
rubber tube to glass connections must be wired, air bubbles must be eliminated, 
and the solutions must be gas free. The syringe must be renewed from time to 
time because the constant motion tends to grind down the piston. The piston 
must be greased with stopcock grease. As can be seen from Table I there is 
a nearly linear relationship between the ejected volume of fluid and the number 
of strokes, degree of gear reduction, and time. The small deviations from an 
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exact linear relationship are within the limits of error of our readings of the 
volumes in graduated cylinders. If one does not want to check the pump 
regularly and rely on previous checks, the volume of injected fluid can be read 
conveniently from a graduated cylinder into which the intake tube is introduced. 

Injection by this pump is not continuous but rhythmic, varying between 
114 and 96 strokes per minute. The volume varies between approximately 0.5 
and 30 ¢.c. per minute, at a stroke length of 10 mm. By reducing the stroke 
length proportionately smaller amounts and by increasing it, proportionately 
larger amounts may be injected. The apparatus has been in use in the labora- 
tory for more than two years and has been found satisfactory. 
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SUMMARY 


A constant injection pump is described in which speed and stroke are ad- 
justable. Simple and efficient rubber membrane valves are used which do not 
leak and have a minimum of elasticity to back pressure. The instrument was 
constructed for us by our mechanic, Mr. Carl Griesmeyer. , 
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A CELLOPHANE STRAW USED AS AN INK-WRITING POINTER 
IN KYMOGRAPHIC WORK* 


EMERICK FRIEDMAN, M.S., M.D., Norwicu, Conn. 


N STUDYING the respiratory pattern of psychiatric patients it was necessary 

to obtain long, continuous pneumographic tracings. Since this was im- 
practical when earried out by means of the standard smoked-drum technique, an 
inexpensive ink-writing setup was devised, which not only solved the main 
problem mentioned above but was rugged enough to withstand sudden psycho- 
motor fluctuations noted in state hospital patients, and, at the same time, 
eliminated the hazard of fire when recording was done on the regular wards. 
This ink-writing pneumographic system consists essentially of an ordinary 
cellophane straw with the tip fashioned and trimmed to resemble a small quill. 


Fig. 1. 


The entire apparatus is designed as follows: About 2 to 3 em. of the end 
of the straw is pressed flat with the fingers and then folded in two lengthwise. 
A 5 mm. tip, trimmed to a sharp point, is bent at a right angle. This end is 
dipped into ordinary fountain pen ink to which has been added gum tragacanth 

*From the Metropolitan State Hospital, Waltham. 
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solution, 5 ¢.c. per 2 ounce bottle. The ink is drawn up by oral suction to a 
2 to 3 em. level in the straw. The other end of the straw is inserted into two 
celluloid ‘‘sights,’’ one glued to the center of the tambour and one on the air 
pipe behind the tambour, keeping the straw straight and acting as fulera. 
A 3 to 4 em. length of straw attached to an elongated arm of the signal magnet 
may serve as an ink-writing time marker. If the motor-driven Harvard 
kymograph is used, cheap paper may be purchased in large rolls of 6 inch width 
from any paper mill. This is rolled on the small drum, threaded backward 
around the other small drum and fastened with tape to the recording drum so 
that as the tracing is made the paper is automatically wound up. The ink dries 
by the time the tracing has gone around the drum. With this procedure, long, 
continuous, ink tracings may be made with the pointer moving in the vertical 
plane. 


- Bigs 2: 


Fig. 1 illustrates the setup of the cellophane straws on a standard motor- 
driven Harvard kymograph. 

Fig. 2 is an abdominal and thoracic pneumograph of an induced metrazol 
convulsion. This tracing illustrates the ruggedness and apparent accuracy of 
this ink-writing straw. 

The setup, as described, has given satisfactory ink-written pneumographie 
tracings as well as records of certain muscular movements for the past year. 
The lightness of this cellophane straw and the simplicity of the described 
apparatus, with the elimination of time spent on the smoked-drum technique, 
should make this a usable setup, especially in student and hospital laboratories. 
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POSSIBLE SIGNIFICANT ERRORS IN ROUTINE TUBERCULIN TESTS* 
NoRMAN RosENBERG, M.D., AND ARTHUR ©. ALLEN, M.D.,t New York, N. Y. 


N A GENERAL hospital the intracutaneous tuberculin test is widely used 

for diagnostic purposes. The substance usually employed is old tuberculin 
(O.T.), although in recent years the purified protein derivative (P.P.D.), a 
highly refined but more expensive tuberculoprotein, has found extensive use. 

In the preparation of very dilute solutions of tuberculin for skin tests, there 
are possible a number of technical errors, some of which have been repeatedly 
pointed out in the literature. Thus, Parish and O’Brien (1935) have amply 
demonstrated that the usual cleaning and sterilizing procedures fail to destroy 
or to remove an appreciable quantity of residual tuberculin from glassware with 
which this highly tenacious and stable substance was previously in contact. 
Nelson, Seibert, and Long (1937) have reaffirmed the remarkable heat stability 
and adherence to glass, and have accordingly advised the use of individual, 
marked syringes for each dilution. 

Most standard textbooks on clinical and laboratory procedure mention no 
detailed method for diluting old tuberculin, while often discussing minutely 
the actual method of performing the test itself. In those few manuals that 
do discuss dilution procedure, a variety of methods is described. A review of 
the current literature reveals a similar variation in methods suggested for the 
preparation of dilutions of old tuberculin. 

In canvassing a number of large general hospitals, we were again struck 
with the variety of methods used to prepare solutions of tuberculin. This 
variation in dilution technique was confined to methods employing old tubercu- 
lin. Institutions using purified protein derivative, which is in the form of tablets 
of known weight, show more uniformity in procedure, thus reflecting the greater 
ease with which this substance may be handled. The following is a procedure 
which, according to our information, is likely to be used in some instances: 

Dilutions of tuberculin are prepared by drawing up 0.1 ¢.c. of old tuberculin 
(supplied by the New York City Department of Health) in a standard 1 e.c. 
‘‘tubereulin syringe’’ graduated in tenths, twentieths, and hundredths of a 
eubie centimeter. Saline is drawn up to the 1 ¢.c. mark. An air bubble is then 
introduced, and by repeated inversion, the two solutions are mixed to form a 
1:10 dilution of old tubereulin. The syringe is then emptied to the point where 
only 0.1 ¢.e. remains, and by repeated manipulations as above described, the dilu- 
tions 1:100, 1:1,000 . . . 1:100,000 are prepared, all in one syringe. Intradermal 
testing is then carried out, still with the very same syringe, after stopping at 
the dilution desired. That such a procedure introduces large errors in the 
estimation of the degree of skin sensitivity to tubereulin seems obvious and 
will become more evident. 
*From the Laboratories of the Mount Sinai Hospital, New York. 


+George Blumenthal, Jr., Fellow in Pathology. 
Received for publication, July 24, 1940. 
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Patients on the Medical Wards of the Mount Sinai Hospital, New York 
City, were subjected to comparative tests: On the skin of one forearm (flexor 
surface) a 0.1 ¢.c. intradermal wheal was raised with a ‘‘1:100,000’’ solution 
of old tuberculin prepared-as above described. The other forearm was simi- 
larly and simultaneously injected with 0.1 ¢.c. of 1:100,000 solution of old 
tuberculin prepared in individual test tubes as follows: 


0.5 ee. of O.T. + 4.5 ¢.e. of 0.9 per cent saline solution = 1:10 dilution. 
0.5 ee. of 1:10 dilution + 4.5 ¢.c. of saline = 1:100 dilution. 
0.5 ¢.c. of 1:100 dilution + 4.5 ¢.ec. of saline = 1:1,000 dilution, ete. 


A single standardized 5 ¢.c. pipette was used to deliver the saline, but different 
1 cc. pipettes, calibrated in tenths of a cubic centimeter (also standardized*), 
were used for each dilution of old tuberculin, and were marked so that they 
would not be used for other dilutions. The amounts of solution were relatively 
large and easily handled, so that errors in measuring were thereby made minimal. 
Tuberculin of the same lot and preparation numbers was employed for all ex- 
periments (preparation No. 142, lot No. 173). Readings were taken at twenty- 
four, forty-eight, and often seventy-two hours. Those at the end of forty-eight 
hours are listed in Table I. 

From Table I it is readily seen that even a 1:10,000 dilution prepared by 
the ‘‘multiple pipette’? method is weaker than the so-called 1:100,000 dilution 
of the ‘‘single syringe’’ procedure. (Conforming to the practice of most workers 
in the field, we considered size as the main indicator of the intensity of the 
tuberculin reaction. This is the most easily quantitated feature of the response 
to any given dilution, and, we believe, roughly parallels the intensity of the 
reaction. Our scale for classification of results is indicated in Table I.) 


TABLE I 


‘*SINGLE SYRINGE’? 


PROCEDURE 
DILUTION METHOD 
CASES <5 5-10 11-15 16-20 >20 


mm. mm. mm. mm. mm. 
0 
2 


1:100,000 ao 12 0 6 4 11 30 os 0 0 
1:10,000 14* 6 2 
of above 
cases 


*These tests were done seventy-two hours after the former ones, always distal to areas 
previously tested. All cases in this group were previously positive only to the 1:100,000 dilution 
prepared by the “single syringe’ procedure. 

*This case was then retested with a 1:1,000 dilution prepared by the “multiple pipette’ 
method and was found positive (2+). It was previously positive (4+) to a 1:100,000 dilution 
prepared by the “single syringe’ procedure. 


Another type of comparison was attempted on a series of 9 patients who had 
not been previously tested. In one forearm 0.1 ¢.c. of a 1:1,000,000 dilution 
(‘‘single syringe’’ procedure) was intracutaneously administered, while simul- 
taneously, 0.1 ¢.c. of a 1:10,000 dilution (‘‘multiple pipette’? method) was 
injected into the skin of the other forearm. The results (after forty-eight hours) 
follow in Table IT. 


*One cubic centimeter pipettes ordinarily do not deliver exactly 1 c.c. of fluid. 
Standardized pipettes are, therefore, recommended for more accurate dilution. 
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TABLE II 


PATIENT NO ‘*SINGLE SYRINGE’? PROCEDURE ‘MULTIPLE PIPETTE’’ METHOD 
1:1,000,000 DILUTION OF 0.T. 1:10,000 DILUTION OF 0.T. 
1 2+ 1+ 
2 2+ 1+ 
3 0 0 
4 3+ 12: 
24 1+ 
6 1+ 1+ 
’ 7 1+ 0 
8 2+ 1+ 
9 2+ 1+ 


It is easily seen from Table II that the ‘‘sinele syringe’’ method is ab- 


normally sensitive. That this is due to a combination of errors will be demon- 
strated. 


The effects of adherence to glassware on the accuracy of tuberculin dilution 
were briefly studied. A comparison of dilutions prepared by the ‘‘multiple 
pipette’’ method was made with a similar set of dilutions prepared by using a 
single pipette throughout. Arbitrarily, the pipette was rinsed five times in 
each successive dilution in the course of the latter method. Four patients were 
tested simultaneously. 


TABLE III 


1:10,000 DILUTION OF 
(TESTED 72 HOURS AFTER 1:100,000 TESTS) 
NO. MULTIPLE PIPETTE SINGLE PIPETTE 
METHOD PROCEDURE 
‘ 1 0 0 0 3+ 
(2+ with 1:1,000) 
2 0 1+ 1+ Not tested 
3 0 1+ 3+ 3+ 
(16 by 15 mm.) (20 by 18 mm.) 
4 0 1+ 2+ 2+ 
(11 by 10 mm.) (14 by 13 mm.) 


Undoubtedly the reasons for the discrepancy between the multiple and 
single pipette methods lie in the adherence to the pipette of sufficient amount of 
tuberculin to increase irregularly the concentration of a given solution above its 
presumed potency. 


It will be noted that this discrepancy is less than that observed when the 
‘*single syringe’’ procedure is compared with the ‘‘multiple pipette’’ method. 
This is accounted for by another source of error in the syringe method, namely, 
the inadvertent seepage of fluid between the barrel and piston. We attempted 
to estimate the extent of this error. 


Slightly more than 0.1 ¢.c. of old tuberculin was drawn into a standard 
tubereulin syringe. The syringe point was then turned upwards to expel the 
excess solution and the few small air bubbles which are almost always drawn in, 

H so that only 0.1 ¢.c. of old tuberculin finally remained. When this was done, it 
became evident that, by eapillarity and by gravity, tuberculin had seeped be- 
tween barrel and piston along the shaft of the syringe to points varying usually 

between the 0.40 and 0.70 ¢.c. marks (results of a number of tests). This type 
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of seepage is clearly illustrated in Fig. 1. The volume of the space between 
barrel and piston was then actually caleulated. This was done as follows: 

The diameter of the piston was easily measured to the ten-thousandth of 
an inch by a suitable micrometer (Starrett Micrometer No. 113). Then the 
diameter corresponding to that of the barrel cavity was ascertained by the use 
of a gradually tapering metal cone which was inserted tightly into the syringe 
barrel as far as it would go. The diameter of the cone at the plane of impinge- 
ment against the inner wall of the syringe was measured with the micrometer. 
This value checked with a measurement of a paraffin cast of the barrel cavity. 

From these data it is possible to calculate the actual volume of fluid that 
seeps for a given distance between the barrel and the normally fitting piston, by 
means of the formula: 


Seepage Volume = V -v = awh (R? — r?) 


where V and v represent the volumes of the barrel cavity and piston, re- 
spectively, over a given length, h, with R and r representing the radii of their 


Fig. 1.—Note seepage of tuberculin into space between piston and barrel. 


respective cross sections. Caleulated to the 1 ¢e. mark, the seepage space is 
found to equal fully 13 ¢.mm. or an error of about one part in 75. This intro- 
duction of more concentrated old tuberculin into successive dilutions constitutes 
an additional source of error in this method of dilution. 

If one adds to this the ‘‘human’”’ error which must enter into the handling 
of so closely graduated an instrument, the use of a syringe method of dilution 
becomes still further open to condemnation. 

It becomes apparent, then, that a method which employs a single syringe 
for both dilution and skin testing is open to many errors, most of which 
act in one direction, namely, to make the final dilution stronger than actually 
was intended. These are (1) the error due to the affinity of tuberculin 
for glassware; (2) the error due to seepage of old tuberculin between barrel and 
piston; and (3) the ‘‘human”’ error, which is greater with a finely graduated, 
relatively poorly controlled instrument, such as a syringe, as contrasted with a 
pipette. 

COMMENT 


Various workers have shown that individuals with active tuberculous 
processes are usually far more sensitive to tuberculin skin tests than are the posi- 
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tive reactors in control groups. Indeed, it has been suggested by some that the 
.test with dilute tuberculin may be of use in screening out the actively tu- 
berculous from the general population. Thus Ayman (1937) stated that 97 
per cent of clinically nontuberculous patients failed to react to a 1:50,000 dilu- 
tion of old tuberculin, while 93 per cent of patients with active (nonterminal) 
tuberculosis reacted positively if a 9 by 10 mm. skin lesion was taken as the 
measure of a true positive intradermal test. (This does not quite correspond 
to a 2+ by our scale of measurement.) Similar findings have been reported 
by others (Pan, 1937 and Hunt, 1939). ; 

The few figures which we have presented lend confirmation to this im- 
pression inasmuch as none of our ward patients, all clinically nontuberculous, 
gave reactions to a 1:100,000 dilution (‘‘multiple pipette’’ method) measuring 
9 by 10 mm. Two individuals with active tuberculosis we tested, however, did 
react to high dilutions; one to 1:100,000, and the second to 1:50,000. On the 
other hand, fully 64 per cent of our nontuberculous patients reacted to a 
1:100,000 dilution prepared by the ‘‘single syringe’’ procedure. 

It is suggested that one of two methods be employed by the general hos- 
pital in the preparation of weak solutions of tubereulin: (1) that purified 
protein derivative be used. This is a substance of standard purity and potency 
which is relatively easy to handle with a minimum of error; or (2) that dilu- 
tions of old tuberculin be prepared in a central portion of the hospital, prefer- 
ably in the bacteriologic laboratory where a proper technique may be employed. 
Dilute solutions* will, if sterile and preserved with 0.25 per cent phenol, remain 
potent for at least one week. (Long and Seibert; Lincoln, Raia, and Gilbert). 
The brief may be made for old tuberculin that it has a vast literature behind it. 

For the actual test, different, labeled syringes should be used for each 
dilution, regardless of whether purified protein derivative or old tuberculin is 
employed. 

SUMMARY 


(1) The possible errors attendant in the dilution and use of old tubereulin 
for intradermal testing have been emphasized. 

(2) The use of the ‘‘single syringe’’ procedure, which may give rise to 
an error of tenfold to hundredfold in the preparation of dilutions, is in- 
advisable for tuberculin as well as other biological solutions. 

(8) A reasonably accurate method for preparing such weak solutions has 
been suggested. 

(4) Confirmatory evidence as to the possible significance of skin sensitivity 
to high dilutions of tubereuloprotein is presented. 
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STAND FOR ASEPTIC OPERATIONS WITH HORSLEY-CLARKE’S 
STEREOTAXIC INSTRUMENT* 


KE. A. Sprecet, M.D., PHILADELPHIA, PaA., AND 
H. R. Miuuer, M.D., New York, N. Y. 


HE placing of cerebral lesions: by means of the Horsley-Clarke' stereotaxic 
apparatus under sterile conditions can be facilitated considerably by em- 
ploying the stand described below. 


A base plate fixed to the animal board by clamps carries on each side an 
anterior column A (Fig. 1) for fixation of the orbits, and a posterior column P 
for fixation of the external auditory canals. P carries the aural pivot p, which 
is inserted in the funnel of the ear plug; p is fixed by a screw 1. P also carries 
a slot g into which the lateral bar of the horizontal frame of the stereotaxic 
apparatus is inserted. The screw 2 holds the frame in place. 


The column A carries the following parts: (1) the infraorbital brackets b 
which rest upon the lower margin of the orbit; the brackets can be moved in 
the horizontal plane toward or away from the midline, and forward and back- 
ward, and are held in place by the serews 3 and 4. Thus the orbital and nasal 
plates of the Horsley-Clarke apparatus are not needed. (2) A horizontal bar B 
with posts h upon which the head holder rests. The bar B can be moved ver- 
tically in the slot sl, so that the upper jaws of the animal are pressed against 
the brackets b. (3) A groove @ into which small horizontal bars fit that are 
fixed on the lateral bar of the horizontal frame of the stereotaxic apparatus. 
The serew 5, which can be rotated in the frontal plane, lies horizontally (as 
shown in the figure) when it is not used, and stands vertically when it holds 
the apparatus in place. ‘ 

The axis of the aural pivots p and the undersurface of the infraorbital 
brackets b lie on a plane parallel to the base plate. The bottoms of the grooves 
g and G that receive the stereotaxic apparatus lie in a second horizontal plane 
so that the base frame of the stereotaxic apparatus is parallel to the plane de- 
termined by the external meatus and the lower margin of the orbits. The 
median sagittal plane is indicated by a small vertical plate pl. 


*From the Department of Experimental Neurology, D. J. McCarthy Foundation, Temple 
University School of Medicine, Philadelphia, and the Montefiore Hospital, New York. 
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The operation is performed in the following steps: The head of the animal 
(cat) is placed in a Czermak head holder (of the Harvard Instrument Com- 
pany); the ear plugs and the aural pivots are inserted; the brackets b are 
placed on the lower margin of the orbits, and the upper jaws are pressed against 


Fig. 1.—Stereotaxic apparatus held above the stand. A, anterior column with orbital 
brackets b, groove G, and bar B with posts h for head holder. P, Posterior column with aural 
pivot p and groove g. 1-5: screws; pl. indicates the median sagittal plane, The needle of the 
stereotaxic apparatus is omitted. 


the brackets by raising the bar upon which the head holder rests. The head is 
shaved and the brain is aseptically exposed. The stereotaxic apparatus is then 
placed on the frame and fixed by serews 2 and 5. Upon completion of the op- 
eration the stereotaxic apparatus is removed and the wound is closed. 
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TECHNIQUES FOR OBTAINING ELECTROENCEPHALOGRAMS USING 
OCULAR AND INTRANASAL ELECTRODES* 


A. Barnett,t M.D., New York, N. Y. 


LECTROENCEPHALOGRAPHIC procedures have now come into general 
use for the localization of certain types of brain pathology, such as tumors 
and epileptic foci. For this purpose, it is desirable to take off potentials at 
points as close as possible to the pathologie locus. Up to the present time ex- 
ploration has been limited to points on the outer surface of the cranial vault. 
The eye being, anatomically, part of the brain, it was thought to be of interest to 
develop a method for studying potentials taken directly from the surface of this 
organ. With an electrode applied to the cornea, the soft tissues within the orbit, 
including the eyeball, would behave, electrically, like a mass of absorbent cotton 
soaked in normal saline. Such a diffuse electrode would be expected to take 
off potentials (1) indirectly from the frontal lobe through the orbital roof; 
and (2) directly from the region of the chiasma and the hypothalamus via the 
optic nerve. An ocular electrode would thus be of value in studying electrical 
phenomena arising in these regions. 

Libet and Gerard,? working with the frog brain, have recently shown that 
the olfactory bulb generates a rhythm of its own which persists after separation 
from the rest of the brain and which may be detected in olfactory bulb frag- 
ments weighing as little as 0.1 mg. These authors*® have also put forward 
evidence for the existence of a potential gradient along an electrical axis, ex- 
tending between the occipital pole at one end and the olfactory bulb at the other. 
It seemed to be worth while, therefore, to provide a technique permitting the 
study of electrical events occurring in the olfactory bulb in man. 

The purpose of the present paper is to deseribe procedures for obtaining 
cerebral potentials from the surface of the eye and from the interior of the nasal 
cavity in the vicinity of the olfactory nerve. 

The Electrodes.—Fig. 1a shows an ocular electrode which may be applied 
directly to the eyeball without the use of an anesthetic. It is composed of a gold 
shell b provided with a platinum stem s. A fine wire w leads off potentials from 
stem s to the amplifier. Shell portion } is shaped to reproduce the form and 
dimensions of the so-called ‘‘contact’’ glass lenses now in commercial use for 
correcting errors in refraction. It is of circular section and measures 21 mm. 
in diameter at the base and 8 mm. in height. Attempts were made to utilize 
glass contact lenses as electrodes by metalizing the interior and exterior surfaces, 
but because of difficulties in obtaining a firmly adherent metal film and the 


*From the Department of Psychiatry, New York State Psychiatric Institute and Hospital, 
New York. 
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danger of breakage, the solid gold type of electrode was adopted. In applying 

“contact lenses to the eye, it is usual to half fill the lens with 0.5 normal saline 
prior to insertion. This makes the lens adhere firmly to the eyeball. Com- 
parative tests with and without 0.5 normal saline showed that satisfactory elec- 
trical contact of the electrode with the surface-of the eye could be obtained 
without recourse to saline. Tests carried out on my eyes with and without an 
anesthetic (holocaine) also showed that there was little gain in comfort by using 
the anesthetie. 

The intranasal electrode represented in Fig. 1b is composed of a length of 
ordinary solder wire a enclosed in a sheath of ‘‘spaghetti’’ insulation Sp up to 
a point about 14 inch from one end. A small wad of absorbent cotton c is 
twisted over the active end of the electrode and held in place by several turns of 
ordinary sewing cotton. A fine wire w, soldered to the opposite end of the 
electrode, leads off to the amplifier. 


Fig. 1.—Electrodes for obtaining: RS a, ocular electrode; b, intranasal 
electrode. 


Experimental Procedure.—In preparing for electroencephalographic readings, with the 
subject in a sitting position, the usual lead pellet electrodes, their active sides covered with 
electrode paste, are first fixed in place by means of collodion in the occipital, frontal, and 
other regions to be explored with relation to the eye and nose. The subject is then placed in 
the decubitus dorsalis position, and the eye electrode is slipped into place between the eye- 
lids. The subject is allowed to rest for a few minutes so as to become accustomed to the 
electrode and is instructed to seek a comfortable partially closed eyelid position which may 
be retained without blinking. This can be done by the average moderately relaxed type of 
subject without great difficulty. However, even in the best of subjects, occasioned blink 
artifacts appear in the recordings, generally in groups, and are easily recognized by the ap- 
pearance of large, rapid, potential changes. 


Prior to placing the nasal electrode in position, the nasal cavity is swabbed first with 
1:10,000 adrenalin solution, then with a 2 per cent solution of cocaine. The nasal electrode, 
moistened with normal saline, is then inserted as far as possible anteriorly, and is held in 
place by stuffing absorbent cotton into the free space between the electrode body and the 
nasal wall. 

Records were made in a shielded, darkened room, using the two-channel, push-pull ink- 
writing recorder-amplifier described by Rahm.4 The time constant of the amplifiers was 0.5 
second. Comparative tracings were made of eye occipital, nose occipital and fronto-occipital 
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potentials. These same potentials were also compared with those taken off from the occiput, 
forehead, eye and nose, using the lobe of the ear as a relatively inactive point of ‘reference. 
The ear electrode was, however, not grounded. In order to insure against the possibility 
of coupling of the voltages led to the two amplifiers, leads feeding each channel were always 
taken from independent points. For example, if it was desired to compare the eye occipital 
with the ear occipital potentials, connections were made to the right occiput and the right 
eye for one channel, and with the left occiput and the ear for the other. Whenever possible, 
all leads were taken from the same hemisphere. The frontal and occipital electrodes were 
placed symmetrically at 3 em. to the right and left of the midline. Only one ocular electrode 


Fig. 2.—Electroencephalograms obtained with ocular and intranasal electrodes. 

Records I to VIII, inclusive, are taken on a normal subject. 

Records IX and X are taken before and after hyperventilation on an epileptic patient. 

The leads are designated by FE, eye; N, nose; R, ear; F, frontal; and O, occipital. All 
leads are from the right hemisphere, except those pearing the subscript’ L, which are from the 
left hemisphere. The paired tracings are: 


I. Eye occipital and fronto-occipital. 
II. Nose occipital and fronto-occipital. 
Occipital ear and eye occipital. 
Occipital ear and nose occipital. 

V. Frontal ear and eye occipital. 


VI. Frontal ear and nose occipital. 
VII. Eye-ear and fronto-occipital. 
VIII. Nose-ear and fronto-occipital. 
IX and X. Nose-ear and fronto-occipital. 


was available for use and was mounted on the right eye. Simultaneous left and right fronto- 
occipital records of the normal subject for whom results are shown in Fig. 2 showed neg- 
ligible differences in phase, frequency, and amplitude. Studies of both nasal and ocular 
potentials were carried out on a total of six normal subjects. 


RESULTS 


Fig. 2, reeords I to VIII, inclusive, show typical tracings obtained on a 
normal female, D. D., aged 26 years, with the ocular and nasal electrodes de- 
scribed above using various electrode combinations, Records I and II show 
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eye occipital (E-O) and nose occipital (N-O) potentials, each taken simul- 
- taneously with a fronto-occipital (F,-O,) tracing serving for comparison. All 
these curves are of about the same amplitude and frequency, exhibiting an 
alpha rhythm of 10 per second. In order to obtain a better idea of the contribu- 
tion of the ocular and nasal components to the total recorded potentials, tracings 
were made using occipital ear (O,-R) and frontal ear (F-R) leads, each taken 
simultaneously with eye occipital and nose occipital records. As will be seen 
from tracings III to VI, inclusive, both the occipital ear and frontal ear po- 
tentials are of lesser amplitude than those obtained with eye occipital and nose 
occipital leads. Finally, in tracings VII and VIII, eye-ear (E-R) and nose-ear 
(N-R) potentials are each shown with simultaneous fronto-occipital records for 
comparison. Both the eye-ear and nose-ear tracings contain a certain amount of 
alpha modulated by a faster rhythm of about 25 per second of lesser amplitude. 
The proportion of fast component was found to vary considerably in different 
subjects. As will be seen by a comparison of tracings III to VI with VII and 
VIII, the amplitudes of the eye-ear and nose-ear potentials are considerably 
less than the corresponding frontal ear and occipital ear potentials. The eye- 
ear potentials are of the order of 15 to 20 microvolts, while the nose-ear po- 
tentials are about 10 to 15 microvolts. A typical blink artifact is shown in the 
eye-ear record of tracing VIT. 

Sinee, as has already been pointed out, the occipital pole and the olfactory 
bulb of the frog represent, according to Gerard and Libet,® opposite ends of an 
electrical axis along which a potential gradient exists, an attempt was made to 
follow in parallel the effect of an electrical change on the occipital and nasal 
potentials. For this purpose, simultaneous tracings were made of the fronto- 
occipital and nasal-auricular potentials on T. R., a male epileptic (petit mal), 
aged 21 years, before and after mild hyperventilation. The results are shown 
in records IX and X. Prior to hyperventilation (IX), occasional bursts of 
alpha were picked up by the nasal electrode coincidentally with the appearance 
of similar bursts in the fronto-occipital leads. After hyperventilation (X) the 
fronto-occipital potentials show practically continuous alpha activity of high, 
nearly constant amplitude. The amplitude and percentage time alpha in the 
nasal tracing were found to increase to correspond to the alpha change in the 
fronto-occipital leads. 

DISCUSSION 


In the eye records action potentials arising in the extrinsic muscles of the 
eye or in the muscles of the eyelids would be due to such action currents as may 
be necessary to maintain these muscles at a relatively fixed tonus, since rotation 
of the eyeball or movements of the lids appear on the records as large, rapid 
potential changes. The frequencies of the action potentials from these muscles 
do not appear to have been reported in the physiologic literature. It is sig- 
nificant to note that the 25 per second rhythm appearing in the eye-ear record 
(Fig. 2, VII) is also found in the corresponding frontal and nasal records 
(V, VI, and VII). This would argue in favor of its being of cerebral, rather 
than of muscular, origin. Jasper and Andrews’ have reported the occurrence 
of a beta rhythm of 25 per second of precentral frontal origin. 
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Grinker and Serota,® using an electrode inserted through the anterior wall 
of the sphenoid sinus, describe a 4 to 6 per second rhythm of hypothalamic 
origin. A study of the various eye tracings which, as has been pointed out, 
might contain hypothalamic potentials taken off by the optic nerve, failed to 
show the presence of slow waves of this kind. 

It would be hazardous to attempt to explain the origin of the alpha nasal 
potentials. With the electrode in contact with the intranasal ramifications of 
the olfactory nerve, the alpha potentials picked off may arise in the olfactory 
bulb, in the frontal lobes,® or even be transmitted from the occipital cortical 
centers.’ The hyperventilation experiment merely shows a parallelism in the 
response under a nasal electrode and from fronto-occipital leads, but it does not 
permit conclusions as to interrelations of a controlling nature between the two. 


SUMMARY 


Techniques are described permitting electroencephalograms to be made 
using a metal ‘‘contact’’ lens type of ocular electrode and a nasal electrode of 
simple design. Potentials taken off between one ear lobe and the surface of 
the eye or the interior of the nose show the presence of alpha rhythms to- 
gether with rhythms of higher frequency having the character of beta waves. 
The eye-ear and nose-ear alpha potentials are of lesser amplitude than those ob- 
tained using occipital ear and frontal ear leads. In an epileptic person marked 
changes in fronto-occipital potentials caused by hyperventilation were accom- 
panied by parallel changes in nasal-auricular potentials. 
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A METHOD FOR COUNTING THE LEUCOCYTES IN BLOOD 
CONTAINING GUM ACACTA* 


J. Victor Monke, M.S., Battmore, Mp. 


 aghetoe the injection of gum acacia into the blood stream it is not possible to 
i; obtain satisfactory leucocyte counts using the customary Tuerck’s solution 
t (1 per cent acetic acid) as the lytic agent of the red blood cells. Instead of a 
clear microscopic field containing only faint shadows of the red blood cells, one 

obtains, in the presence of gum acacia, an incomplete lysis of red blood cell 
x structure, and an amorphous debris representing clumps of red blood cells in 
varying states of disintegration. This difficulty was first observed by Huffman’ 
and was briefly investigated by Walker.2 The latter stated that N//10 hydro- 
chlorie acid could be successfully substituted for the acetic acid. 


Similar difficulties in obtaining satisfactory lysis of red blood cells were en- 
countered in this laboratory when attempts were made to determine whether or 
not the leucocytes were effectively removed from the blood stream of animals 
is subjected to complete plasmapheresis with gum acacia-red blood cell-Locke’s 
solution. Althéugh Walker described satisfactory results using N/10 hydro- 
chlorie acid on human blood containing gum acacia, further investigation on our 
part showed it altogether unsatisfactory with dogs’ blood and only partially so 
in human blood. In the face of this difficulty, an attempt was made to find an- 
other hemolytic agent which would make possible the counting of the leucocytes 
under the conditions described. 


METHOD 


A series of hemolytic agents was prepared. The result obtained with each 
was compared with the optimal result obtained by the use of dilute acetie acid 
on normal blood. For each comparison two portions of the same sample of blood 
were centrifuged. The plasma of one portion was carefully removed and re- 
placed with an equal volume of 6 per cent gum acacia dissolved in 0.9 per cent 
saline. Both portions of blood were then shaken vigorously for fifteen minutes. 
A standard diluting pipette (1:20) was used to prepare the dilutions of the 
blood samples for the counting chamber (standard American hemocytometer with 
Levy-Hausser counting chambert). The criteria required of a satisfactory lytic 
agent were first, that it produce a clear microscopic field free of any cellular 
debris, and second, that it permit a series of cell counts, the average of which, 
and the probable error of which, was the same as that of a normal control sample 
in which the usual Tuerck’s solution had been used as the diluting and hemo- 
lyzing agent. 


*From the Department of Physiology, School of Medicine, University of Tennessee, Mem- 
phis, and the Department of Physiology, School of Medicine, University of Maryland, Baltimore. 
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+Manufactured by the Arthur H. Thomas Co., Philadelphia, Pa. 
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MONKE: METHOD FOR COUNTING LEUCOCYTES IN BLOOD 


OBSERVATIONS 


1. Acetic acid: Dilutions of acetic acid, ranging from 0.5 per cent to 5.0 per 
cent, were made and tested for their effect upon the lysis of red blood cells. 
Solutions of 0.75 to 1.0 per cent acid are the most satisfactory. Concentrations 
higher than this reduce the red blood cells to pointlike specks. When gum 
acacia is present in the blood, the laking of the red blood cells does not take place. 
Instead, large clumps of cells form as the diluting fluid is drawn into the pipette. 
Under the microscope, the white blood cells are difficult to find because of the 
irregular, course, amorphous collections of red blood cells and cell debris which 
occupy the field. Numerous individual red blood cells appear as pale brownish 
yellow spheres or as unorganized masses. ree 

2. Lactic acid: Dilutions of lactic acid were also made. Using normal 
blood, this acid is equally as effective as acetic acid. Its optimal concentration 
is about 1.8 per cent. In blood containing gum acacia, however, the lysis of the 
red blood cells results in the same amorphous precipitate as that encountered 
with acetic acid. 

3. Hydrochloric acid: No concentration of hydrochloric acid was found 
which gives as clear a differentiation of leucocytes in normal blood as does the 
1 per cent acetic acid. Although the N/10 hydrochloric acid permits the count 
of leucocytes in fields of normal blood, the fields are frequently filled with in- 
distinet dotlike forms which cannot be brought into clear focus. The gum-con- 
taining blood always possesses a more pronounced background of these small pin- 
point bodies. The leucocytes in some samples of human blood may be easily 
counted, while other samples have too much debris and too great a density of 
dots in the background to permit more than a hazardous guess on the number of 
white blood cells present. With dog blood it is impossible to make reliable counts 
on any samples of blood containing the gum acacia. 

4. Phosphoric acid: As an example of another inorganic acid, phosphoric 
acid was tried and, under the same conditions of normality as the hydrochloric 
acid, it was found to be a somewhat better lytic agent for the normal red blood 
cells. However, it too is an unsatisfactory hemolytic agent in bloods that con- 
tain gum acacia. : 

5. Saponin: Since neither organic nor mineral acids promised to produce 
desirable results, a different type of lytic agent was investigated. It was found 
that the lysis of red blood cells, either in normal or in‘gum-containing bloods, 
was complete when the glycoside, saponin, was used. Saponin alone, however, 
did not produce a satisfactory microscopic field even though a range of-solutions 
from 0.05 per cent to 5.0 per cent was investigated. The white blood cells ap- 
peared small and misshapen. Addition of any of the acids previously tested 
immediately produced the usual bad effect. Normal saline was finally added on 
the assumption that it would protect the white blood cells against undue dis- 
tortion resulting from the osmotic effect of a hypotonic solution. A solution of 
0.1 per cent saponin and 0.9 per cent saline was found to be quite satisfactory. 
The white blood cells were vitally stained by adding methyl] violet in a concen- 
tration of 0.1 per cent to the saponin-saline solution. When two fields of normal 
blood, one diluted with acetic acid; and the other with a saponin-saline solution, 
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were compared side by side, the white blood cell counts of each were found to 
agree with a precision within the range of probable error of the measurement. 
When the leucocyte counts were made on blood containing gum acacia, they were 
found not only to be made easily, but also to be identical with those made on 
samples of the same blood containing no acacia. It was found that the rate of 
lysis by saponin is proportional to the concentration of the lytic agent, and to 
the number of cells. The solution of 0.1 per cent saponin in 0.9 per cent saline 
requires about five minutes for complete lysis of all red blood cells. This action 
may be watched under the microscope and the time of complete lysis may be 
readily determined. 

In addition to the three types of lytic agents discussed, the simple osmotic 
‘lysis of ‘‘gum acacia’’ cells in hypotonic solutions of sodium chloride was also 
studied. The degree of hypotonicity at which red blood cells rupture was found 
to be unaffected by the presence of gum acacia, regardless of whether the gum 
had been added to the cells in vitro or in vivo. 


DISCUSSION 


No satisfactory explanation for this failure of the common lytic agents to 
cause the lysis of red blood cells, suspended in gum acacia, can be deduced from 
the data collected. 

Simple lysis of red blood cells by hypotonic solution of inorganic salts is the 
result of osmotic equilibration.’ Variation in the rate of lysis by different in- 
organic salts is related only to the relative speeds of diffusion of the ions con- 
cerned across the plasma membrane. As mentioned in the previous paragraph, 
this action is not hindered by the presence of gum acacia. 

Inorganic acids apparently cause lysis by some action other than an osmotic 
one. Bodansky® lists phosphoric, sulfuric, hydrochloric, and nitric acids in the 
order of decreasing effectiveness as agents in the lysis of red blood cells. This 
investigator states that the pH is not the only factor concerned in the lytic action 
and that the effect is primarily not an osmotic one. More likely it is a reaction 
upon one of the units of structure in the cell membrane. This unit may very 
probably be the protein molecule, the orientated structure of which is destroyed 
by the acid. Gum acacia definitely interferes with this action. 

The organic acids cause lysis of the red blood cell by a modified osmotic 
action.* Increasing the osmotic pressure of the diluting fluid decreases the 
effectiveness of the lytic agent, but a close relationship is found between lipoid 
solubility and the hemolytic activity of the organie acid. The higher the 
molecular weight and the more lipoid soluble the acid, the more effective is the 
acid in equivalent concentrations. Gum acacia interferes markedly with this 
type of lysis. 

Saponin represents a fourth type of lytic agent. ‘‘The fundamental action 
of a simple lysin such as saponin is imagined to be one in which the lysin reacts 
with some component of the red cell membrane, and which continues after lysis 
is complete until the cell component concerned is completely transformed as a 
result of a union with the lysin.’”* Saponin causes an initial hemolysis followed 
by a complete stromatolysis. The simple lytic effect of a hypotonic solution is 
nonadditive to the more complex saponin lysis, implying an independence of the 
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two processes. Gum acacia does not affect this action. If acids are added to the 
saponin, the same precipitation is encountered which is observed when the acids 
are used alone. Saponin, acting on the lecithin portion of the stroma, may com- 
pletely disorganize the cell and stroma. Inorganic acids acting on the cell mem- 
brane may act only on the protein structure in the membrane, causing their 
denaturation. The organic, fat-soluble acids, on the other hand, may not 
permeate so freely in the presence of gum acacia and thus not cause the ex- 
pected hemolysis. The gum may act to change the surface tension of the stroma 
in the process of stromatolysis and thus effect the clumping of the cellular 
fragments. 


Englebreth and Smith’ have also suggested the use of saponin as a lytic 
agent of red blood cells in the preparation of blood samples for leucocyte counts, 
but for a different reason. They call attention to the fact that white blood 
cells in citrated or heparinized blood may undergo a 20 per cent autolysis within 
several hours after drawing of the blood sample. This autolysis of the cells 
does not occur in the presence of 2 per cent sodium fluoride, indicating that the 
autolysis is caused by some enzyme, the activity of which is inhibited by the 
fluoride. 


Fluoride of this strength, however, is not hypotonic enough to lake the red 
blood cells. To overeome this difficulty, the authors employed a solution of 
(0.1 per cent saponin as a hemolytic agent. A solution of 0.1 per cent saponin, 
1 per cent sodium fluoride, and 0.1 per cent methyl violet perserved the white 
blood cells so well that twenty-four hours after the mixing of the blood sample 
with the solution leucocyte counts could be made which were identical with those 
made immediately after the mixing. 


SUMMARY 


Leucocyte counts on bloods containing gum acacia are very difficult to make 
when the usual Tuerck’s solution is used as the diluting and hemolytic agent. 
A solution of 0.1 per cent saponin, 0.9 per cent saline, and 0.1 per cent methyl 
violet is recommended instead. When this solution is used, complete hemolysis 
and stromatolysis of the red blood cells are obtained. The white blood cells are 
easily counted in both normal and acacia-containing bloods. The known factors 
concerning this lysis of red blood cells by various agents are discussed briefly. 
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AN AUTOMATIC PIPETTE AND A NEW INEXPENSIVE 
PIPETTING MACHINE* 


JULIAN H. Lewis, M.D., Pu.D., IL. 


HE bane of the serologist is the large amount of tedious pipetting involved 

in complement fixation tests, such as Wassermann reactions. Pipettes 
must be filled often, the meniscus carefully followed, and any attempt at speed 
often results in inaccuracies. Pipetting is a skilled procedure and unless one 
has had much experience, fatigue and cramps of the fingers slow up the process 
and tend to produce errors. 


Attempts to reduce the inherent disadvantages of pipetting have resulted 
in the development of more or less automatic pipettes. For the most part these 
consist of syringes adjustable to deliver a given quantity of fluid. One type is 
operated manually and is filled by the recoil of a spring attached to the plunger. 
The amount of fluid delivered by the syringe is adjusted by a stopping device 
which limits the amount of material drawn into the apparatus. While this 
type of pipette increases the speed of pipetting over the usual glass pipette, 
there is still a loss of time in conveying it back and forth from the vessel con- 
taining the stock of reagent to the test tubes. The speed of pipetting depends on 
the development of coordination between this back and forth movement and the 
alternate compression and release of the plunger. 


Another type of mechanical pipetting device is the so-called pipetting 
machine which is an adaptation of the original Woodyatt machine devised for the 
continuous intravenous injection of fluids at constant rates. It is likewise a 
syringe whose plunger is operated by an eccentric turned by an electric motor 
which also synchronizes a two-way valve. The amount of fluid delivered is ad- 
justed by the length of stroke of the plunger, and the speed of operation is 
determined by the adjustable speed of the motor. The greatest objection to this 
device is its cost. Also, if more than one fluid is to be pipetted and unless more 
than one machine is available, it must be cleaned with each change of fluid and 
the mechanism readjusted if the volume to be delivered is also changed, both of 
which are time-consuming procedures. 

Becton, Dickinson & Co. manufacture an automatie syringe of the for- 
mer type which is described in their literature as the ‘‘Improved Cornwall 
Syringe Number 1250.’’ On request, this company interposed between the 
barrel of the syringe and the trocar, used as a pipette tip, a small two-way valve. 
This valve has a female ‘‘Luer-Lok’’ that connects with the syringe and a male 
‘‘Luer-Lok’’ that takes the trocar. A side arm of the valve is fitted with a rub- 


; *From the Otho S. A. Sprague Memorial Institute and the Department of Pathology, Uni- 
versity of Chicago. 
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ber tubing that leads to the reservoir of the fluid to be pipetted. At the distal 
end of this tube is a perforated metal ball which keeps the tube submerged in the 
fluid. The apparatus is essentially a 2 ¢.c. Luer syringe mounted in a metal 
shell. The top of the plunger is attached by means of a yoke to a screw which 


VA 


= 


Fig. 1.—Diagram showing construction of automatic pipette. 


+ 


Fig. 2.—Separate parts of automatic pipette. 


earries the plunger up and down. Its upward motion is given by a spring 
around the screw and is stopped by two lock nuts. The downward motion is 
obtained manually and is opposed to the foree of the spring. The upward or 
filling stroke closes a valve leading to the trocar and opens a valve leading to the 
rubber tube and reservoir. The downward or emptying motion has the reverse 
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effect. Fig. 1 is a diagram showing the construction of the syringe. Fig. 2 is a 
photograph of the separate parts and, Fig. 3, of the whole assembled for use. 
Tn adjusting the amount of fluid to be delivered the syringe is emptied 
. 4 10 or 20 times into a small graduate. If this delivered amount is too small or 
: too large, the plunger upstroke is adjusted by the lock nuts until it is correct. 
Al Once adjusted the amount delivered is remarkably constant. 


' By actual test it is found that from one-fifth to one-tenth of the pipetting 
time used in complement fixation tests with the ordinary pipette is used with this 
apparatus. No previous experience in pipetting is necessary for its use. A 
little practice with it enormously increases the speed. The operator simply aims 
the tip at the mouth of the tube, compresses the plunger, releases it, and it is 
ready for the next tube. Another advantage observed is that the fluid is forced 
into the test tubes rather than allowed to flow in as with an ordinary pipette. 
This completely mixes the fluids in the tubes and makes shaking unnecessary. 


Fig. 3.—Automatic pipette assembled for use. 


In the Kolmer complement fixation test for syphilis, five reagents, ex- 
elusive of the patients’ sera, are used: saline, complement, antigen, hemolytic 
amboceptor, and red blood cells. The saline is used in two quantities, 1.2 ¢.e. 
and 0.5 ¢.e.; antigen is used in 0.5 ¢.c. amounts; complement in 1 ¢.c. amounts; 
hemolysin and red blood cells each in 0.5 ¢.c. amounts. For the greatest speed 
one may use one syringe for each of the reagents, two for the two quantities of 

' saline, necessitating altogether six syringes. The price of the apparatus is 

' reasonable enough to afford this. An alternative is to use three syringes, one 

for each of the reagents used in the same quantity. One, adjusted to deliver 

0.5 ¢.¢c., may be used for saline, antigen, hemolysin, and red blood cells; an- 
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other, adjusted to deliver 1.0 ¢.c., for complement; and the third, adjusted to 
deliver 1.2 ¢.c., for saline. This necessitates cleaning the apparatus when solu- 
tions are changed. 

Cheap Motor for the Automatic Syringe ——An apparatus for actuating the 
above syringe was devised using a compressed air type windshield wiper motor. 
The shaft of the motor, which is mounted on a baseboard, is fitted with a slotted 
arm to which is attached a connecting rod to a shaft housed in a bronze bearing. 
The end of the latter impinges against the plunger end of the above automatic 
syringe which is mounted on a block (Fig. 4). The stroke of the shaft is adjust- 
able at the slot of the arm on the motor. The energy of the motor is used only for 


Fig. 4.—Pipetting machine using. windshield wiper as the motor. a 


emptying the syringe, its own spring bringing about the refill. The shaft that a 
impinges against the syringe is broken at its end, and the parts are united with : 
a coiled spring which takes up a slight overstroke and thus protects the syringe. 
A thick-walled rubber tubing of small caliber is attached to the two-way valve, 
and to this is fastened the trocar to serve as a delivery tip. A wide range of 
speeds is obtainable by adjusting the pressure of air to the motor.* This ap- 
paratus will, in every respect, give the same efficient pipette service as the much 
more expensive electrically operated pipetting machine. As the Woodyatt 
machine, designed for intravenous injections, was adapted for pipetting, so this 
apparatus, made for pipetting, can equally well be used for injecting. 


niatita — apparatus was constructed in the machine shop of the Otho §, A. Sprague Memorial 
nstitute. 
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AN IMPROVED TECHNIQUE FOR PNEUMOCOCCUS TYPING 
BY THE ‘‘QUELLUNG’’ REACTION* 


A. B. PRANIon, DETROIT, MicH. 


HE ‘‘Quellung”’ reaction is the method of choice for typing pneumococci in 

sputum because of its time-saving element. 

The following modification of the original method has been used by us for 
the last three years. We believe its advantages make it worth reporting. 

Technique.—From the mucoidal rather than from the purulent portion of 
the sputum four very thin smears are made in the form of a ribbon 10 to 15 mm. 
wide along the long axis of microscopic slides. The smears are allowed to dry 
at room temperature. Usually the first smear is dry when the fourth smear 
is completed. Two of the smears are marked with the group designations 
A, B, C, D, E, and F. One loopful of group A antipneumococcie serum is spread 
on the smear in a round area about 10 mm. in diameter. If methylene blue has 
been added to the antiserum previously, two loopfuls are used, otherwise another 
loopful of methylene blue is spread over the antiserum. A round cover glass, 
18 mm. in diameter, is used to cover this area. No vaseline or jelly is needed. 
Similar smears are made with antisera of group B and C on the same slide; 
groups D, E, and F, are put likewise on a second slide and properly marked. 
These smears can be examined immediately under the 4 mm. objective. 


COMMENT 


The dry smear presents the following advantages: it affords better con- 
centration of the antiserum, the microscopic field looks clearer, and additional 
smears can be made and saved for reference. (Our three-year-old smears still 
give excellent reaction.) In eases where sputum cannot be obtained, throat 
swabbings can be smeared on slides at the bedside, dried, and sent to the labora- 
tory. Physicians in rural communities, where laboratory facilities are not avail- 
able, can mail these dried smears to any laboratory. In our experience mailing 
of sputum has been very unsatisfactory. Dried smears ean also be utilized in 
schools and colleges for teaching purposes. Hundreds of slides can be made from 
typed sputum and utilized for classwork whenever needed. 

The advantages of the 4 mm. objective over the oil-immersion objective are 
twofold: (1) More area is covered in a shorter time, facilitating quick diag- 
nosis. (2) The microscopic field can be studied with greater ease without dis- 
turbing the picture because the objective does not touch the smear. With oil- 
immersion objective the focusing throws the organisms off focus, or acecom- 
panying changes of pressure create currents which carry the organisms out of 
the field. 


The Michigan State Board of Health Laboratories have adopted the above-described 
method. It is reported that the New York State Laboratories have also adopted it. 


*From the Pathological Laboratory, Evangelical Deaconess Hospital, Detroit. 
Received for publication, August 12, 1940. 
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CHEMICAL 


THE CONVERSION OF CREATININE INTO CREATINE IN 
NORMAL URINE* 


S. M. Horvatn, M.S., anp D. B. DILL, PuD., Boston, Mass. 


N CONNECTION with studies conducted in this laboratory that required 
twenty-four-hour collections of urine, some of the analyses were not made 
until two weeks after the samples had been collected. The finding of quanti- 
ties of creatine greater than that recorded in the literature (Hobson, 1959) led 
us to suspect that conversion of creatinine to creatine had occurred, even 
though the samples of urine had been preserved with thymol and kept at room 


SERIES | (4 URINES) SERIES 2 (4 URINES) 
100 
—— CREATINE - ROOM TEMP. 
CREATINE 4° C. 
80 


PER CENT 


° 20 40 60 80 100 
DAYS 


Fig. 1.—Curves showing the average increase in the percentage of creatine (as creatinine) 
of total creatinine with time when urine is stored at room temperature and at 4° C. Series 1 
represents urines collected in May, and series 2 represents urines collected in August. 


temperatures. Such proved to be the case. On one patient three urines that 
had been analyzed fifteen days after collections were again analyzed after forty- 
one days at room temperatures. The average creatine percentage (expressed as 
creatinine) in total creatinine substances had increased from 7 to 18. The aver- 
age values in the urines of two other men showed changes from 4 to 13 and from 
12 to 25 per cent during twenty-six days following the first analysis. 


*From the Fatigue Laboratory, Harvard University, Boston. 
Received for publication, December 26, 1940. 
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We proceeded to study this problem in more detail. Since the storage tem- 
perature might be of importance, freshly voided urine was preserved with thymol 
and placed in the refrigerator at about 4° C. The volumes of the twenty-four- 
hour outputs were recorded, and two aliquots, also preserved with thymol, were 
taken. One was returned to the refrigerator, the other was left at room tem- 
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Fig. 2.—Curves illustrating various types and rates of conversion in aliquots of urine stored 
at room temperature and at 4° C. 


peratures. Determinations of creatinine and of creatine plus creatinine (Folin, 
1934), using the Evelyn photocolorimeter, were made immediately and repeated 
at intervals thereafter. Creatine, expressed in terms of creatinine, was obtained 
by difference. Two series of experiments on a total of 4 persons were conducted, 
one starting in May and the other in August. 


RESULTS 


The data are presented graphically (Figs. 1 and 2). Total nitrogen deter- 
minations were made by the Kjeldahl method at the beginning and end of the 
experiments; no changes were noted. Aliquots kept at 4° C. maintained nearly 
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constant creatinine and creatine contents. In only 2 of 8 cases were creatine 
variations greater than 100 mg. found after standing in the cold for thirty days. 
After storage in the cold for 104 days, greater conversion occurred, amounting 
to from one-fifth to one-third of the total creatinine in three of the four samples of 
series I. In series II analyses on the thirty-seventh day showed less conversion 
of creatinine into creatine than was observed in series I after thirty days. 

The aliquots kept at room temperature usually, but not always, showed a 
constant total creatinine. The urines of S. M. H. and B. C. (series I) gradually 
decreased in total creatinine with a concomitant rise in creatine. This was par- 
ticularly apparent after a period of 104 days, when in B.C. the total creatinine 
was one-fifth its initial value (2.24 to 0.48 Gm.), while the creatine value in- 
creased more than 2.5 times (0.12 to 0.338 Gm.) (Fig. 2). Analyses of other 
urines gave no greater variations in total creatinine than are within the accuracy 
of the method. Creatine values increase not only in per cent of total creatinine 
(Fig. 1) but also in actual amounts if kept at room temperature for more than 
nine days. This conversion occurs even when initial determinations gave zero 
values for creatine (Fig. 2). 

Heintz (1847) showed that when he made preparations of creatinine from 
urine, creatine contaminated all his preparations. Liebig (1847), however, was 
only able to get creatinine from urine and showed that it was the use of ammonia 
and its compounds by Heintz that decomposed his creatinine zine chloride to 
creatine. Dessaignes (1857) noted a slow conversion of creatinine to creatine, 
hastened by heat, to oceur in aqueous solutions. The reversal of this reaction 
has also been recorded (Neubauer, 1866; Hahn and Barkan, 1920). Myers and 
Fine (1918) have recorded a gradual production of creatine in a pure aqueous 
solution of creatinine. Evidently heat, and perhaps ammonia, favor the con- 
version of creatinine to creatine; on long standing this may become appreciable. 


SUMMARY 


There is at first a slow and later a rapid conversion of creatinine if urine 
preserved with thymol stands at room temperature. At 4° C. conversion was 
observed on the thirty-seventh day and was pronounced by the one hundred and 
fourth day. While urine can be stored for a few days in the cold without appre- 
ciable change in either creatine or creatinine, it is a better practice to make these 
determinations within twenty-four hours after collecting the sample. In any 
case, preservation with thymol and storage in the cold are recommended. 
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URINARY PORPHYRIN BEFORE AND AFTER HYDROLYSIS* 
EUGENIE H. PH.D., NEw York, N. Y. 


ERY little information is available about the form in which porphyrins 

are excreted in the urine. As a rule, no porphyrin can be extracted from 
urine by organic solvents prior to acidification with acetie acid. This basic 
step in urinary porphyrin analysis was first described in 1896 by Saillet,? who 
also noted the occurrence in urine of precursors of porphyrin—‘chromogens’’ 
—which, although observed by many investigators,?'° seem not to have been 
systematically taken into consideration when studying urinary porphyrin exere- 
tion in health and disease. 

The extraction of zine and copper complexes of porphyrins from urine 
acidified with acetic acid has been recorded.* * The fact that no porphyrin 
can be extracted by ether from fresh urine of about pH 6 can be interpreted 
as evidence of conjugation. Assuming that the porphyrinogens are compounds 
of porphyrins with other inorganic or organic substances and differ in their 
stability to acetic acid, one may reasonably expect that hydrochloric acid would 
be more effective in bringing about a complete cleavage. Preliminary experi- 
ments have indicated that a widely varying rise occurs in the porphyrin level 
of urines on treatment with strong hydrochloric acid (see Tables I and IT). 
The ratios of the porphyrin values so obtained varied widely for different per- 
sons, but were constant and in general reproducible for the same individual. 


TABLE I 


INCREASE IN COPROPORPHYRIN YIELDS AFTER HYDROLYSIS 
(In micrograms per twenty-four-hour specimen of urine) 


BEFORE AFTER 
HYDROLYSIS HYDROLYSIS 
Arsenical dermatitis 225 
Lupus erythematosus : 81 
Hepatitis 310 
Urticaria due to light 97 
Undiagnosed 114 
Undiagnosed 22 
Disseminated lupus erythematosus 300 

(photosensitive) 
Disseminated lupus erythematosus 149 

(photosensitive ) 
Addison ’s disease j 322 
‘ Dermatitis of unknown origin 140 
10 Dermatitis of unknown origin 100 
11* Nicotinic acid deficiency 228 
11* Nicotinic acid deficiency 220 
11* Nicotinic acid deficiency 228 
12 Undiagnosed disease of skin 55 


PATIENT DISEASE 


1 
* 


*These specimens were submitted on different dates. 


*From the Departments of Biochemistry and Dermatology of the College of Physicians 
and Surgeons, Columbia University. 


Received for publication, February 14, 1941. 
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TABLE II 


INCREASES OF TWENTY-FouR-HoOvUR URINARY COPROPORPHYRIN AFTER HYDROLYSIS IN A CASE 
OF ADDISON’S DISEASE 


DATE 24-HOUR VOLUME BEFORE HYDROLYSIS AFTER HYDROLYSIS 

(C.C.) (ug) (ug) 
8/2/40 2,990 45 119 
8/3/40* 2,004 None 36 
8/4/40* 2,155 15 48 
8/5/40 1,580 55 100 
8/6/40 1,430 38 85 
8/7/40 1,435 36 78 
8/8/40 1,600 42 83 
8/9/40 2,690 97 


*Attack of indigestion. 


EXPERIMENTAL 


After the hydrolysis of the hypothetical chromogens with hydrochloric 
acid, it was necessary to neutralize the solution with alkali and then to acidify 
it with glacial acetic acid prior to the extraction of coproporphyrin with ether. 
The treatment with hydrochloric acid considerably reduces the formation of dis- 
turbing emulsions during the ether extraction. However, it brings about a 
formation of urinary pigments other than porphyrin,’” ?* and these must be 
separated before the spectroscopic identification and estimation of porphyrin 
ean be carried out. Indirubin and indigo blue, which are simultaneously ex- 
tracted with ecoproporphyrin by ether from the suitably prepared acetic acid 
solution, can be removed by means of 5 per cent hydrochloric acid, which ex- 
tracts only the coproporphyrin. 

Two types of experiment were performed systematically: Two 300 c.c. 
portions of each urine specimen are used for the determination of the urinary 
porphyrins. One is acidified with 30 ¢.c. of glacial acetic acid and the other 
with 30 ¢.c. of concentrated hydrochloric acid, and both are allowed to stand 
for at least two hours. The hydrochloric acid treated specimen is then made 
alkaline with potassium hydroxide and acidified with glacial acetic acid. Tap 
water is used to cool the solution during these operations. Both specimens are 
now treated in the same way, according to the accepted methods (Fischer 
and Rimington’’). Each solution is shaken with three successive portions of 
ether; the combined ethereal solutions are washed first with water and then 
repeatedly with 5 to 10 ¢.c. quantities of 5 per cent hydrochloric acid to recover 
the porphyrin (coproporphyrin). This hydrochloric acid solution is neutralized 
and acidified with glacial acetic acid, and coproporphyrin is again taken up in 
ether. This ether extract is made up to a known volume in a 25 ¢.c. graduated 
cylinder; the porphyrin rarely requires further purification. 

The spectroscopic examination was made with a Bausch & adds wave 
length spectrometer, essentially as described by Kapp and Coburn,’® hema- 
toporphyrin, which spectroseopically resembles coproporphyrin very closely, 
being employed as a standard.’7 When the spectra (from two light sources) 
of hematoporphyrin and ecoproporphyrin in ether, as well as in hydrochloric 
acid solution of about the same concentration, were superimposed, using the 
comparison prism of the Bausch & Lomb Laboratory wave length spectrometer, 
no difference could be seen.'® 

A series of standard hematoporphyrin solutions in ether were prepared, and 
the limits of their absorption bands were recorded. Two spectroscopic charac- 
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teristics of coproporphyrin were found to be particularly useful for the quan- 
titative estimation of urinary coproporphyrin: a relatively faint band at about 
5980 A indicating the presence in 16 ¢.c. (200 mm. cell) of at least 14 micro- 
grams, and the coproporphyrin band in the red at 6230 A indicating the presence 
of at least 3 micrograms. The point at which an absorption band is just visible 
can be reached by suitable dilutions, or by using cells of different lengths. 

Uroporphyrin was isolated from the acetic acid aqueous phase remaining 
after ether extraction of coproporphyrin. This residual solution was slowly 
passed through an adsorption column of Merck’s aluminum oxide and eluted 
with 12 per cent ammonia.’® Uroporphyrin is not found in normal urine 
and no uroporphyrin standards are, as a rule, available. In the case of a patient 
with light sensitivity the ammoniacal uroporphyrin solutions obtained by elution 
from hydrolyzed and unhydrolyzed identical aliquot portions or urine when 
compared colorimetrically showed a threefold increase of uroporphyrin in the 
hydrolyzed portion. 

SUMMARY 


Increased yields of urinary porphyrin can be obtained by hydrolysis with 
hydrochlorie acid. 

By comparison of the porphyrin yields from unhydrolyzed and hydrolyzed 
samples of the same urine, it is possible to determine the ratio of total porphyrin 
to porphyrin present in form of porphyrinogen or chromogen. 
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PREPARATION OF CHOLESTEROL EMULSION FOR EXPERIMENTAL 
INTRAVENOUS ADMINISTRATION* 


WarrEN H. Coie, M.D., AND HERMAN CLARK, B.S., CH1cago, ILL., 
AND NaTHAN A. Womack, M.D., St. Louis, Mo. 


HE oral and intravenous methods of administration of cholesterol known 

to us will not produce a significant elevation of the blood cholesterol. After 
experimentation with variations in technique of preparation of emulsions, we 
were able to prepare emulsions in concentration as great as 2, 3, or 4 per cent by 
dispersion of the emulsion in steam. No claims for priority are made, since the 
method is perhaps used extensively commercially. Homogenization, a principle 
commonly used in the dairy industry, is a very efficient method of producing 
emulsions, but the homogenizing machines usually available are so large that 
several gallons are necessary for their function, thereby making the process for 
our purpose prohibitive financially. Moreover, preheating of the ether-oleate- 
cholesterol solution, as utilized in our method, seems important in the emulsi- 
fication, and might be difficult to attain in a homogenizer. 


METHOD 


1. Dissolve 3 Gm. of cholesterol in about 50 ¢.c. of ethyl ether. 

2. Dissolve 1 Gm. of sodium oleate in sufficient water to make 100 ¢.c. In 
our experience tap water is much superior to distilled water, as far as the emulsi- 
fication process is concerned. 

3. To solution No. 2, contained in a 500 ¢.c. Erlenmeyer flask, slowly add 
solution No. 1, stirring or swirling constantly. This ether-oleate-cholesterol 
solution is now ready for dispersion, which is brought about by allowing a small 
stream of the ether-oleate-cholesterol solution to come in contact with a jet of 
steam at the end of a T-tube, as illustrated in Fig. 1. 

The apparatus herein described can be set up with equipment found in 
practically any laboratory. A pressure cooker or small autoclave (Fig. 1) is 
heated until a pressure of 15 or 20 pounds is obtained. The valve is opened 
and the steam is allowed to pass through the T-tube surrounding the tube 
which conducts the cholesterol solution. After the glassware is hot, the ether- 
oleate cholesterol solution is allowed to run out; it is heated by the steam sur- 
rounding the glass tube conducting it, and flows out of the 1 mm. opening as a 
fine spray, coming in immediate contact with the steam emerging from the tip 
of the outside tube. It is important that the size of the steam spray be adjusted 
by moving the inside tube very slightly in or out, until a mixture is obtained 
producing a fine emulsion. The emulsion can be tested for size of the globules 


*From the Departments of Surgery, University of Illinois, College of Medicine, Chicago, 
and Washington University School of Medicine, St. Louis. 
; — by a grant from the Committee on Scientific Research of the American. Medical As- 
sociation. 
Received for publication, January 20, 1941. 
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in a few moments by observation under the microscope. When first using the 
apparatus, it will be necessary to experiment considerably with the size of the 
steam jet before a satisfactory emulsion with globules less than 4 or 5 microns 
in diameter will be obtained. Passage of the emulsion through the apparatus 
a second time will improve the emulsion. Preliminary to the second dispersion 
the inside tube is pushed forward, narrowing the steam outlet. It is not wise to 
pass the solution through more than twice, since the volume will be increased 
by condensation of steam, thereby cutting down on the concentration. After 
a little experience with the apparatus, it will be found that the concentration of 
cholesterol in solution No. 1 can be increased beyond 6 per cent. 


Fig. 1.—Apparatus used in emulsifying cholesterol. By means of a pressure cooker or 
autoclave, steam is forced through a T-tube coming in contact with the ether-oleate-cholesterol 
solution as it emerges through the tip of the small tube within the T-tube. Insert represents a 
longitudinal section of the T-tube and illustrates how steam entering at the arm of the T-tube 
heats the ether-oleate-cholesterol solution and emulsifies it at its exit. The outside diameter of 
the inside tube conducting the ether-oleate-cholesterol solution is 5 mm. The end of the inner 
tube has previously been drawn to a point in a flame; the diameter of the opening at the 
drawn end of this tube, where the solution emerges, is about 1 mm. This bevel at the end of 
the inner tube allows it to be pushed toward the end of the T-tube until a very small rim of 
space remains through which the steam emerges to come in immediate contact with the ether- 
oleate-cholesterol solution. The diameter of the T-tube is 1 cm., but the end has previously been 
reduced in the flame to a diameter of about 4 mm. The T-tube being short has been spliced 
to permit adequate heating of the solution. The larger flasks marked A must be used during 
the first dispersion, because the evaporation of the ether causes a lot of foaming. On account 
of rapid evaporation of ether from the ether-oleate-cholesterol solution, care must be exercised 
in the prevention of fire. 


A variable amount of crystallization will take place, but not sufficient to 
affect the concentration of cholesterol in the emulsion more than 0.2 or 0.3 per 
cent. After the emulsion has cooled, it is preferable to subject it to centrifuga- 
tion. This removes the crystals and apparently also a considerable proportion of 
the large globules. Such an emulsion will keep for many days or weeks. 
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Occasionally an emulsion breaks up and crystallizes to a hopeless degree. We 
have not been able to explain satisfactorily these failures. The emulsion has not 
as yet been tried on human beings, but sufficient quantity can be given to animals 
(rabbits) to elevate the blood cholesterol by 50 per cent after intravenous ad- 
ministration. 


ELIMINATION OF STANDARDS AND NOMOGRAMS IN THE 
DETERMINATION OF WHOLE BLOOD SPECIFIC 
GRAVITY BY A FALLING-DROP TECHNIQUE* 


BENJAMIN M. Kagan, M.D., Ricumonp, Va. 


N 1924 Barbour and Hamilton’ described an apparatus for the determination 
of blood specific gravity by a falling-drop technique. In 1926? they found 
that in order to obtain sufficient accuracy with the xylene-bromobenzene mixture 
they used, it was constantly necessary to use aqueous standards and a nomogram. 
In 1930 Moore and Van Slyke® tried this method to obtain plasma specific 
eravity and found it unsatisfactory for routine use because the maintaining 
of aqueous standards accurate in specific gravity to 1 x 10~ is so difficult and 
because constant reference to a nomogram is necessary. 

In 1938* I reported a falling-drop method which eliminated the necessity 
for standards and a nomogram. At that time it was adapted specifically for use 
with serum and plasma.® Since 1938, however, numerous requests have come 
for a method of determining the specific gravity of whole blood which would 
likewise eliminate the use of standards and the nomogram. This determination 
is desired in order to follow the changes in blood specifie gravity during such 
conditions as shock, dehydration, anemia, and fluid administration, and to study 
blood volume changes. I have, therefore, adapted the latter method for use 
with whole blood as described below. 


METHOD 


It was found that a mixture of methyl salicylate and mineral oil, such as 
used for the determination of serum or plasma specific gravity, did not permit 
as large a range as was desirable for use with whole blood. 

With the cooperation of the E. H. Sargent & Co. of Chicago, a medium 
was prepared which consists of a mixture of specially purified petroleum oil and 
methy] salicylate. It has a specifie gravity of 1.0367 25°/25° C., a viscosity of 
26.4 ep 25° C., and permits a range of 1.0380 to 1.0720 25°/25° C. This mix- 
ture, like the mineral oil-wintergreen mixture for serum and plasma, has a 
boiling point of over 220° C. and is stable. There is no danger of change in the 
oil from evaporation such as occurs in the xylene-bromobenzene mixture used 
in the method devised by Barbour and Hamilton. (A mixture of mineral oil 
and methyl salicylate prepared four years ago has been tested repeatedly and 


*From the Department of Biochemistry and Pediatrics, Medical College of Virginia, 
Richmond. 
Received for publication, March 18, 1941. 
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TABLE I 


WHOLE BLOOD SPECIFIC GRAVITY 
CONVERSION OF FALLING TIME TO SPECIFIC GRAVITY 


TEMP. °C. K d TEMP. °C. K d 
20.0 0.646 0.0390 25.0 0.520 1.0367 
20.1 0.644 1.0390 25.1 0.518 1.0367 
20.2 0.641 1.0389 25.2 0.516 1.0367 
20.3 0.638 1.0389 25.3 0.514 1.0366 
20.4 0.636 1.0388 25.4 0.512 1.0365 
20.5 0.633 1.0388 25.5 0.510 1.0365 
20.6 0.630 1.0387 25.6 0.508 1.0365 
20.7 0.628 1.0387 Pasty 0.506 1.0364 
20.8 0.626 1.0386 25.8 0.503 1.0364 
20.9 0.623 1.0386 25.9 0.501 1.0363 
21.0 0.620 1.0385 26.0 0.499 1.0363 
21.1 0.618 1.0385 26.1 0.497 1.0362 
2i2 0.615 1.0384 26.2 0.494 1.0362 
213 0.612 1.0384 26.3 0.492 1.0361 
21.4 0.610 1.0384 26.4 0.490 1.0361 
21.5 0.607 1.0383 26.5 0.488 1.0361 
21.6 0.604 1.0383 26.6 0.486 1.0360 
21:7 0.602 1.0382 26.7 0.484 1.0360 
21.8 0.599 1.0382 26.8 0.482 1.0359 
21.9 0.596 1.0381 26.9 0.480 1.0359 
22.0 0.594 1.0381 27.0 0.478 1.0358 

| 0.591 1.0380 274 0.476 1.0358 
22.2 0.588 1.0380 27.2 0.474 1.0357 
22.3 0.586 1.0380 27.3 0.472 1.0357 
22.4 0.583 1.0379 27.4 0.470 1.0356 
225 0.580 1.0379 27.5 0.468 1.0356 
22.6 0.578 1.0378 27.6 0.466 1.0356 
22:9 0.576 1.0378 27.7 0.464 1.0355 
22.8 0.573 1.0377 27.8 0.462 1.0355 
22.9 0.570 1.0377 27.9 0.460 1.0354 
23.0 0.568 1.0376 28.0 0.458 1.0354 
| 0.566 1.0376 0.456 1.0353 
23.2 0.564 1.0376 28.2 0.454 1.0353 
23.3 0.561 1.0375 28.3 0.452 1.0352 
23.4 0.558 1.0375 28.4 0.450 1.0352 
235 0.556 1.0374 28.5 0.449 1.0352 
23.6 0.554 1.0374 28.6 0.448 1.0351 
23.7 0.552 1.0373 28.7 0.446 1.0351 
23:8 0.549 1.0373 28.8 0.444 1.0350 
23.9 0.546 1.0372 28.9 0.442 1.0350 
24.0 0.544 1.0372 29.0 0.440 1.0349 
24.1 0.542 1.0371 279.1 0.488 1.0349 
24.2 0.540 1.0371 29.2 0.436 1.0349 
24.3 0.537 1.0370 29.3 0.434 1.0348 
24.4 0.534 1.0370 29.4 0.433 1.0348 
24.5 0.532 1.0370 29.5 0.432 1.0347 
24.6 0.530 1.0369 29.6 0.430 1.0347 
24.7 0.528 1.0369 29.7 0.428 1.0346 
24.8 0.525 1.0368 29.8 0.426 1.0346 
24.9 0.522 1.0368 29.9 0.424 1.0345 

0.520 1.0367 30.0 0.422 1.0345 


has shown no significant change.) It is this stability which eliminates the 
necessity for standards by permitting standardization of the oil itself. 


The apparatus and technique for determining whole blood specific gravity 
are identical with those described for serum or plasma protein determination in 
a previous article. Briefly, the time taken for a drop of blood to fall a given 
distance is determined, and the temperature at which this is done is observed; 
then, by means of a formula or a table, the specific gravity is obtained from the 
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TABLE II 
DIRECT READINGS OF SPECIFIC GRAVITY FROM FALLING TIME AND TEMPERATURE 
SEC. | 20° ot? 92° 23° 24° 25° 26° Zt 28° 29° 30° 
250 1.042 | 1.041 | 1.041 | 1.040 1.039 | 1.039 1.038 | 1.038 1.037 || :1.037 1.036 
167 1.043 | 1.042 | 1.042 | 1.041 1.040 | 1.040 1.039 | 1.039 1.038 | 1.038 1.037 
125 1.044 | 1.043 | 1.043 | 1.042 1.041 | 1.041 1.040 | 1.040 1.039 | 1.038 1.038 
111 1.045 | 1.044 | 1.043 | 1.043 1.042 | 1.041 1.040 | 1.040 1.040 | 1.039 1.038 
100 1.046 | 1.045 | 1.044 | 1.043 1.043 | 1.042 1.041 | 1.041 1.040 | 1.039 1.039 
83 1.047 | 1.046 | 1.045 | 1.044 1.044 | 1.043 1.042 | 1.042 1.041 | 1.040 1.040 
77 1.047 | 1.047 | 1.046 | 1.045 1.044 | 1.043 1.043 | 1.042 1.041 | 1.041 1.040 
yal 1.048 | 1.047 | 1.046 | 1.046 1.045 | 1.044 1.043 | 1.043 1.042 | 1.041 1.040 
66 1.049 | 1.048 | 1.047 | 1.046 1.045 | 1.045 1.044 | 1.043 1.042 | 1.042 1.041 
63 1.049 | 1.048 | 1.048 | 1.047 1.046 | 1.045 1.044 | 1.043 1.043 | 1.042 1.041 
59 1.050 | 1.049 | 1.048 | 1.047 1.046 | 1.046 1.045 | 1.044 1.043 | 1.042 1.042 
56 1.051 | 1.050 | 1.049 | 1.048 1.047 | 1.046 1.045 | 1.044 1.044 | 1.043 1.042 
50 1.052 | 1.051 | 1.050 | 1.049 1.048 | 1.047 1.046 | 1.045 1.045 | 1.044 1.043 
45.4 | 1.053 | 1.052 | 1.051 | 1.050 1.049 | 1.048 1.047 | 1.046 1.045 | 1.045 1.044 
43.5 | 1.054 | 1.053 | 1.052 | 1.051 1.050 | 1.049 1.048 | 1.047 1.046 | 1.045 1.044 
41.7 | 1.055 | 1.053 | 1.052 | 1.051 1.050 | 1.049 1.048 | 1.047 1.046 | 1.045 1.045 
40.0 | 1.055 | 1.054 | 1.053 | 1.052 1.051 | 1.050 1.049 | 1.048 1.047 | 1.046 1.045 
38.5 | 1.056 | 1.055 | 1.054 | 1.052 1.051 | 1.050 1.049 | 1.048 1.047 | 1.046 1.045 
37.0 | 1.056 | 1.055 | 1.054 | 1.053 1.052 | 1.051 1.050 | 1.049 1.048 | 1.047 1.046 
35.7 | 1.057 | 1.056 | 1.055 | 1.054 1.052 | 1.051 1.050 | 1.049 1.048 | 1.047 1.046 
34.5 | 1.058 | 1.056 | 1.055 | 1.054 1.053 | 1.052 1.051 | 1.050 1.049 | 1.048 1.047 
33.3 | 1.058 | 1.057 | 1.056 | 1.055 1.054 | 1.052 1.051 | 1.050 1.049 | 1.048 1.047 
32.3 | 1.059 | 1.058 | 1.057 | 1.055 1.054 | 1.0538 1.052 | 1.051 1.050 | 1.049 1.048 
31.2 | 1.060 | 1.058 | 1.057 | 1.056 1.055 | 1.053 1.052 | 1.051 1.050 | 1.049 1.048 
30.3 | 1.060 | 1.059 | 1.058 | 1.056 1.055 | 1.054 1.053 | 1.052 1.051 | 1.049 1.048 
29.4 | 1.061 | 1.060 | 1.058 | 1.057 1.056 | 1.054 1.053 | 1.052 1.051 | 1.050 1.049 
27.8 | 1.062 | 1.061 | 1.059 | 1.058 1.057 | 1.055 1.054 | 1.053 1.052 | 1.051 1.050 
27.0 | 1.063 | 1.061 | 1.060} 1.059 1.057 | 1.056 1.055 | 1.054 1.052 | 1.051 1.050 
26.3 | 1.064 | 1.062 | 1.061] 1.059 1.058 | 1.056 1.055 | 1.054 1.053 | 1.052 1.051 
25.6 | 1.064 | 1.063 | 1.061 | 1.060 1.058 | 1.057 1.056 | 1.054 1.053 | 1.052 1.051 
25.0 | 1.065 | 1.063 | 1.062 | 1.060 1.059 | 1.058 1.056 | 1.055 1.054 | 1.053 1.051 
24.4 | 1.066 | 1.064 | 1.062 | 1.061 1.060 | 1.058 1.057 | 1.055 1.054 | 1.053 1.052 
23.8 | 1.066 | 1.065 | 1.063 | 1.061 1.060 | 1.059 1.057 | 1.056 1.055 | 1.053 1.052 
23.3 | 1.067 | 1.065 | 1.064 | 1.062 1.061 | 1.059 1.058 | 1.056 1.055 | 1.054 1.053 
22.8 | 1.067 | 1.066 | 1.064 | 1.063 1.061 | 1.060 1.058 | 1.057 1.056 | 1.054 1.053 
22.2 | 1.068 | 1.066 | 1.065 | 1.063 1.062 | 1.060 1.059 | 1.057 1.056 | 1.055 1.053 
21.8 | 1.069 | 1.067 | 1.065 | 1.064 | 1.062 | 1.061 | 1.059 | 1.058 | 1.057 | 1.055 | 1.054 
21.3 | 1.069 | 1.068 | 1.066 | 1.064 1.063 | 1.061 1.060 | 1.058 1.057 | 1.056 1.054 
20.8 | 1.070 | 1.068 | 1.067 | 1.065 1.063 | 1.062 1.060 | 1.059 1.057 | 1.056 1.055 
20.4 | 1.071 | 1.069 | 1.067 | 1.065 1.064 | 1.062 1.061 | 1.059 1.058 | 1.056 1.055 
20.0 | 1.071 | 1.070 | 1.068 | 1.066 1.064 | 1.063 1.061 | 1.060 1.058 | 1.057 1.056 
19.6 | 1.072 | 1.070 | 1.068 | 1.067 1.065 | 1.063 1.062 | 1.060 1.059 | 1.057 1.056 
19.2 | 1.073 | 1.071 | 1.069 | 1.067 1.065 | 1.064 1.063 | 1.061 1.059 | 1.058 1.056 
18.9 | 1.073 | 1.071 | 1.070 | 1.068 1.066 | 1.064 1.063 | 1.061 1.060 | 1.058 1.057 
18.5 1.072 | 1.070 | 1.068 1.067 | 1.065 1.064 | 1.062 1.060 | 1.059 1.057 
17.9 1.073 | 1.071 | 1.069 1.068 | 1.066 1.065 | 1.063 1.061 | 1.060 1.058 
17.5 1.072 | 1.070 1.068 | 1.066 1.065 | 1.0638 1.062 | 1.060 1.059 
a72 1.073 | 1.071 1.069 | 1.067 1.066 | 1.064 1.062 | 1.060 1.059 
16.7 1.072 1.070 | 1.068 1.067 | 1.065 1.063 | 1.061 1.060 
16.1 1.073 1.071 | 1.069 1.068 | 1.065 1.064 | 1.062 1.061 
15.6 1.072 | 1.070 1.069 | 1.066 1.065 | 1.063 1.062 
162 1.072 | 1.071 1.070 | 1.067 1.066 | 1.064 1.062 
14.7 1.072 1.071 | 1.068 1.067 | 1.065 1.063 
14.3 1.073 1.072 | 1.069 1.068 | 1.066 1.064 
13.9 1.073 | 1.070 1.068 | 1.067 1.065 
135 1.071 1.069 | 1.067 1.066 
13.2 1.072 1.070 | 1.068 1.067 
12.8 1.073 1.071 | 1.069 1.067 
12.5 1.072 | 1.070 1.068 
12.2 1.073 | 1.671 1.069 
11.9 1.072 1.070 
11.6 1.073 1.071 
11.3 1.072 
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time and temperature readings. Owing to the high viscosity of the medium used, 
the distance through which the drop must fall need be only 10 cm. as compared 
to 30 em. through the xylene-bromobenzene mixture. This shorter tube allows 
more uniform temperature throughout the oil and makes transportation of the 
instrument easy. It can, therefore, be used conveniently in the operating room 
or at the bedside. 

The specific gravity of whole blood is derived from the following formula: 

Specific Gravity = K/t + d 

where K and d are constants for the temperature at which the determination 
was done and ¢ is the falling time. These constants are shown in Table I. With 
this formula the mean deviation is less than +1 x 10-* and the maximum 
deviation is + 2 x 10-* when compared to specific gravity obtained by pyknometry. 
For those who require accuracy only to +1 x 10-° or for rapid estimation in the 
operating room, Table II is convenient. 


SUMMARY 


A new oil is reported for use in the determination of whole blood specific 
gravity by the falling-drop technique previously described by the author.‘ 
This oil has the following advantages over the xylene: bromobenzene mixture 
described by Barbour and Hamilton: 

1. Elimination of the use of standard solutions, thus reducing danger of 
errors which result from changes in these solutions and also making for greater 
simplicity of technique. 

2. Higher boiling point eliminates changes in the oil through evaporation. 

3. Higher viscosity permits use of a tube about one-third as long, thus 
reducing chance of error due to difference in temperature at different levels 
in the instrument. This also facilitates its use in the operating room or at the 
bedside because it is more easily transported. 

4. It permits substitution of a simple formula for the nomogram. 

Using this formula, accuracy may be obtained within +1 x 10~ in specific 
gravity. <A table is also given which permits direct reading of the specific 
eravity from the falling time and temperature for those who desire accuracy 
of only +1 x 10°%. 
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THE ANAEROBIC DRAWING AND SAMPLING OF BLOOD 
FOR GAS ANALYSIS* 


J. Victor M.S., BaLttmore, Mp. 


HE methods generally used in the anaerobic drawing and sampling of blood 

for blood gas analysis are described by Peters and Van Slyke. The method 
in most common use is one requiring that blood be drawn from an artery or vein 
into a vessel containing a layer of mineral oil. Since the oil retards the diffusion 
of carbon dioxide out of the blood, and the oxygen of the air into it, the oil 
layer floating on the blood acts as a moderately satisfactory airtight cap. In 
order to obtain a sample of blood for analysis in a Van Slyke and Neill mano- 
metric apparatus, it is necessary that the tip of a stopcock pipette be passed 
through the oil into the blood. Invariably, a small amount of oil is intro- 
duced into the pipette which later causes more or less difficulty in the delivery 
of the sample into the chamber of the manometric apparatus. A more cautious 
method, advised by Austin and co-workers,” involves the introduction of drawn 
blood into a mereury-filled system, the mereury being slowly withdrawn from a 
receiving vessel into a leveling reservoir as the blood is admitted into the re- 
ceiving vessel. This most accurate of methods, however, is best carried out by 
two individuals. If a number of samples are to be drawn within a short time, 
its use necessitates the possession of a large quantity of mereury, and many pieces 
of apparatus. 

These difficulties are obviated in a procedure which has been used in this 
laboratory for several hundred analyses of blood oxygen. A 10 e@.c. syringe, 
selected for its smoothly moving, closely fitting plunger, is filled with and then 
emptied of an anticoagulant, e.g., saturated potassium oxalate. Enough oxalate 
remains in the syringe to fill the air space in the nipple of the syringe and to 
form a film on the sides of the barrel. A needle is attached to the syringe, and 
the sample of blood is drawn. If the sample is of the order of 5 ¢.c. or more, the 
volume of anticoagulant remaining in the syringe is an insignificant amount of 
the sample drawn. After the collection of the sample, the. barrel and the 
plunger of the syringe are held firmly in the right hand while the needle is re- 
moved from the nipple of the syringe. A small amount of mercury is then 
drawn into the syringe from a shallow dish. The syringe is pointed upward, 
and a drop of blood is forced out through the nipple. A small needle, the lumen 
of which is no longer patent, is attached tightly onto the nipple of the syringe, 
providing an airtight cap for the syringe. The mereury may now be shaken 
back and forth fifteen or twenty times to insure that all the blood is mixed 
with the anticoagulant. 


*From the Department of Physiology. School of Medicine, University of Tennessee, Mem- 
phis, and the Department of Physiology, School of Medicine, University of Maryland, Baltimore. 
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In this manner any number of anaerobic samples of blood may be drawn in 

.rapid succession without need of any equipment other than sufficient syringes. 

If a period of time greater than a few minutes is to elapse before the analyses are 

made, 20 ¢.c. syringes may be used instead. In this case, the longer distance 

separating the tip of the plunger from the upper end of the barrel gives added 

protection against the possibility that blood gases may diffuse along the inner 

wall of the barrel. If the sample is to be kept for any length of time, it is ad- 

visable to chill the syringe in an ice bath or icebox. 

Filling the stopeock pipettes from a syringe is a simple procedure possess- 

ing several advantages over older methods. If the syringe is placed flat on a 

: table in such a position that the nipple extends over the edge of the table, the 

syringe may be held firmly, without danger of admitting air, while the cap is 

removed from the nipple. A stopeock pipette, to the upper end of which has 

been attached a 2 em. length of gum rubber tubing, is attached to the nipple of 

the syringe. With the stopcock open, the whole assemblage is turned vertically, 

and the blood is transferred from the syringe to the pipette by gently pressing 

the head of the plunger against the table top. When the blood level has almost 

reached the delivery tip of the pipette, the stopeock is closed. The assemblage 

; is again placed horizontally, the stopeock pipette is removed, and the small oc- 

cluded needle is replaced on the syringe. The layer of blood exposed to the air 

while passing through the bulb of the pipette is discarded from the tip as the 

blood level is brought from the top of the pipette down to the upper calibration 

mark. In this manner the blood actually admitted into the chamber of the 

gasometric apparatus does not come close to an air interface, and is not subjected 
to any change in pressure. 

The validity of this procedure was checked against the older mercury dis- 
placement method by analysis in duplicate of a series of twelve samples of blood 
in the gasometric apparatus. The average variation in the values for oxygen 
content was of the same order in each series. The syringe method was found to 
be simpler and more rapid. It made possible easy chilling and storage of the 
sample, and permitted the filling of the stopcock pipettes under optimal condi- 
tions. 
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MEDICAL ILLUSTRATION 
THE CRAYON SAUCE TECHNIQUE FOR MEDICAL ILLUSTRATION* 
Cart CLARKE, PH.D., BaLtimore, Mp. 


OR the past fifty years a particular procedure has been employed pre- 

eminently for the illustration of medical subjects. This is known as the 
crayon sauce or pencil dust technique. From time to time examples of this type 
of work have come to light which could possibly date the discovery of the proce- 
dure before the period previously mentioned. It can certainly be said that 
Mr. Max Broedel, of the Johns Hopkins School of Medicine, rediscovered the 
technique and used it extensively in scientific illustration. Prior to this time 
the pen-and-ink, wash, charcoal, and pencil line techniques had been employed. 
The latter method was applied particularly for lithographic reproduction, the 
lithographic grease crayon being used directly on the stone. The pen-and-ink 
technique was employed to a great extent for the illustration of science during 
the same period and still is the most popular method of pictorial representation. 
Wash drawings have been made for many years, but these are rapidly falling 
into disuse for the illustration of medicine. This is still the most popular method 
for obtaining drawn tone illistrations in the commercial art field. In the 
sciences, the necessity of representing on paper a myriad of details called for an 
exacting and flexible technique, such as that afforded by crayon sauce. The 
crayon sauce drawing can be developed rapidly in comparison with other 
techniques. 

Knowledge of the Subject to Be Illustrated—To make the best scientific 
illustrations one must be able to draw and have a thorough knowledge of the 
subject to be illustrated. An untrained draftsman. who knows biology often 
can make a better representation of a biologic subject than the trained artist 
who has little conception of what he is picturing. For example, let us consider 
the scientific art of medical illustration in the sense of drawing alone. Anatomy 
is the foundation upon which medical art is built. Without a knowledge of 
this subject, without this foundation, further work is likely to be done in con- 
fusion and fall short of producing a comprehensive illustration. 

The average layman has no more knowledge of visceral anatomy than he 
has of the inside of a house whose doorways he has never entered. Therefore, 
to draw anatomy one must know anatomy. The artist must be able to draw not 
only what he sees, but also what he does not see yet knows to exist. For instance, 
in illustrating a surgical procedure the artist often.is handicapped by having 
to view his subject through a small and poorly lighted incision. The structure 


*From the Department of Art, School of Medicine, University of Maryland. 
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that he wishes to see is generally covered with blood, superficial fat, mucus, and 
other obstructions that prevent a clear view. However, if his knowledge of 
human anatomy is clear and concise, he is able to reconstruct the parts that he 
does not see but knows to be present. Such knowledge can be obtained only from 
careful dissection of the cadaver. co 


The preparation of illustrations for scientific publications is an art in which 
accuracy and technical detail are absolutely essential. These drawings should 
have modeling to such an extent that the third dimension is shown with stereo- 
scopic clearness. This profession belongs in a class of its own. The picture 
produced by the artist in this field must tell a story without a climax. It is a 
statement of facts as they are, with only a written history of the case to describe 
the development of the subject portrayed. It is a realistic art in its entirety, 
an art in which impressionism, cubism, futurism, or any other branch of modern- 
ism or ultramodernism has no place whatever. 


Types of Medical Drawings.—In explaining or teaching a new operative 
procedure it is essential that the surgeon have the most important steps of the 
operation illustrated, because with mere words it is difficult to convey even to the 
minds of well-trained fellow surgeons the technical details of an operation they 
have never witnessed. | 


Practically every operative procedure should be illustrated with black-and- 
white drawings since color is unnecessary in showing the mechanics of surgery. 
Once a specimen is removed from the body, however, it often is necessary to make 


drawings in color. Frequently a diagnosis may depend on the color of a 
specimen. An accurately colored drawing of such a specimen helps in teaching 
methods of diagnosis. As a rule, the unusual specimen is the one placed in the 
hands of the artist. 


Drawings play an important part in the teaching of anatomy. The degree 
of perfection and the importance of a book on anatomy depend largely on the 
excellence of the illustrations. This is true not only of medical books but of 
scientific books as a whole. 

Training the Medical Artist.—The training of the artist develops his natural 
ability to observe minute details and to make a mental picture of them. Later 
he is able to reproduce them on paper because in his mind the picture is clear 
and complete. In the average person this mental picture is hazy and unfinished ; 
it is completely lacking in the necessary details required by the artist. 

In medical illustration it is often customary to make drawings to scale. The 
artist uses rulers or calipers to determine the correct proportions on paper. As 
he gains experience he is able to visualize such proportions and combine them 
on paper in true ratio and proportion to the model. This grasping and repro- 
ducing of details, plus the ability to measure with the eye, determine an artist’s 
ability. He must not only make illustrations the exact size as his model, but 
reductions and enlargements in ratio and proportion to the model or subject he 
is drawing. For example, he may reduce an entire body to accurate proportions 
on a sheet of paper that is only 15 inches high. In contrast to this he may en- 
large a tiny embryo to accurate dimensions on a piece of paper of the same size. 
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The following is a description of the materials needed for making medical 
drawings and their use: 

Sketch Paper and Pencils——In naming the materials used in making medical 
drawings, let us first differentiate between the paper or board upon which the 
final drawing is made and the paper for the preliminary sketches. The word 
final is used because such drawings require much detail work and often many 
corrections and refinements before the drawing is completed. Sketches and 
outlines are made on an ordinary grade of thin drawing paper or a good grade 
of typewriting paper before the final drawing is attempted. After the sketches 
are prepared and passed on by the biologist or physician who is ordering the 
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Fig. 1.—Numbers /, 2, 3, 4, and 5 are pencils, 7 being the Conté or soft pencil from which 
the pencil dust is obtained; 2, 3, 4, and 5 are Wolff pencils varying in hardness, H being the 
hardest, and BB the softest. BB and B are used most in developing the crayon sauce drawing. 
No. 6 is a charcoal holder, in the left-hand side of which is a pointed eraser for removing fine 
details. The right-hand side is a pointed cork for softening pencil lines. No. 7 is another char- 
coal holder, in the left-hand side of which is inserted a pad of chamois for softening and blend- 
ing large areas. The right-hand side contains a blunt cork for softening and blending small 
areas. No. 8 is the engraving tool or scratcher used for etching out high lights and producing 
fine, sharp white details. The right-hand side of No. 8a shows how the end of this tool is ground 
flat. This is the same surface as is presented in No. 8. 


drawing, the real work begins. All corrections and refinements should be made 
in detail on a sheet of thin drawing paper or sketch paper, as it is called by 
medical illustrators. For this purpose a Conté No. 3 carbon pencil (Fig. 1, 1) 
is used; however, a Wolff BB (Fig. 1, 5) or a Wolff B (Fig. 1, 4) will be found 
satisfactory. The Conté pencil is soft and transfers easily. The transferring 
process is essential for making a really fine drawing. The Wolff BB and B 
pencils are also soft, but neither is as soft as the Conté No. 3. Fig. 1 shows four 
Wolff pencils of various degrees of hardness or softness. BB is the softest of the 
four, B is a little harder than BB, HB is harder than B, and H is a comparatively 
hard pencil. In the preliminary sketches either the BB or the Conté pencils will 
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be found best and will transfer more readily. All the pencils shown in Fig. 1 
" are used in making the final drawing on Ross stipple board. 


Transfer Process Using an Extra Sheet of Paper.—After the sketch or 
preparatory drawing is worked up in line, this paper is placed face down on a 
second sheet of thin paper. By rubbing the back of the first sheet with the finger- 
nails while holding the two sheets firmly together on the drawing board or some 
other flat surface, a transfer of the soft pencil lines to the second sheet is 
accomplished. This second sheet will show the drawing in reverse. The parts 
of the original drawing that were on the right-hand side will now be on the left- 
hand side on the transfer. In accomplishing this it should be borne in mind 
that the two sheets must not slip even a fraction of an inch from each other or 
the transfer will be blurred or out of register. There are various methods of 
carrying out this procedure. Some artists thumbtack both sheets to a drawing 
board. If this is done, instead of using the fingernails, which may become sore 
from rubbing the back of the original drawing, the round or top end of the en- 
graving tool, as seen in Fig. 1, 8, is used. Another method is to clamp together 
the two sheets of paper with paper clips or clamps. When the drawing to be 
transferred is no larger than an ordinary sheet of typewriting paper, a hospital 
chart holder serves excellently to hold the sheets together for the transfer process. 
The transfer is effected more easily with a few sheets of paper, or a smooth-sur- 
faced piece of cardboard placed under the sheet to which the transfer is to be 
made. This transfer, which as previously explained is in the reverse order, is 
called a negative (Fig. 2). 

Ross Stipple Board.—Before discussing the negative further, let us consider 
the board or material upon which the final drawing is to be made. This board 
is known as Ross stipple board, No. 00-dull and can be purchased from most of 
the larger art supply dealers. The surface of this board is prepared in the 
manufacturing by placing a layer of chalk and sizing on a thin cardboard. This 
surface is then pressed with a metal plate to obtain the stippled effect of a series 
of small raised dots which act as teeth to hold the carbon of the drawing 
pencils. It was necessary for the early medical illustrators to prepare their own 
stipple board, which they did by applying the chalk and sizing to a flat, finely 
sandpapered board. However, the material now can be purchased without 
difficulty. 

Mounting the Stipple Board.—Before preparing to work up the final draw- 
ing on this stipple board, the board should be mounted on heavy cardboard, pref- 
erably with rubber cement or by the dry mounting process. A water paste or 
glue ean be used, but it is likely to buckle or curl both the stipple board and 
the mount. This ean be corrected by pasting on the back strips of paper running 
in the opposite direction from the buckle or bend. As these strips of paper ary, 
they contract and pull the cardboard back to a flat surface. 


The negative transfer previously mentioned is placed face down on the 
mounted stipple board and held in position by thumbtacks, paper clamps, or 
the hospital chart holder, then rubbed with the fingernails to accomplish a second 
transfer to the stipple board. Do not rub this second transfer with the round 
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end of the engraving tool since it may injure the chalk surface of the stipple 
board that is underneath. This second transfer is in the same order as the 
original drawing and is called a positive. The positive is naturally weak from 
two transfer processes but serves as a good outline from which to make the 
finished drawing. 


D. 
Fig. 2.—Method of making sketch and transfers for the final drawing. This illustration is of a 
fetal heart. The original drawing was enlarged rather than reduced from the model. 
Transfer Process Using One Sheet of Paper—aA second method of making 
a transfer is as follows: 
First, turn the original sketch over face down on a piece of glass under 
which is an electric light, or hold it up to a window pane. Then with a soft 
pencil trace the lines that show through the paper. This tracing will be in nega- 
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tive order. Clamp the sketch, face up, over the mounted stipple board on the 
~ chart holder and trace over the original lines of the sketch. The second tracing 
will cause the lines on the under side of the sketch paper to leave their impres- 
sion on the stipple board. The transfer processes are necessary because the 
stipple board does not readily lend itself to making corrections. However, it 
does make it possible to present detail, texture, and feeling that no other material 
presents. 


The Eraser —Some illustrators work in the well-known wash method, but 
this procedure takes longer and requires more skill in handling, and corrections 
are equally hard to make. Lighter areas in the pencil dust drawing are accom- 
plished by erasing with a nigrivorine (No. 3) eraser, half of which has been 
mounted on a charcoal holder, as seen in the left end of Fig. 1, 6. This eraser 
must be kept pointed at all times so that detail work may easily be accom- 
plished. There is a similar product called Weldon Roberts shading rubber 
No. 200.* This serves as well for shading and erasing medical drawings done 
on Ross stipple board. 


Frequently these erasers are a little too soft for a great amount of detail 
work, even if they are kept pointed. To overcome this difficulty they may be 
placed in a small cloth bag and thumbtacked outside the window, thereby ex- 
posing them to the weather. In three or four months they have hardened 
sufficiently to work up the detail freely. The nigrivorine erasers are not ex- 
pensive. They-are made in France and may be bought at most art supply 
stores. However, the artist should not depend on this particular eraser alone, 
but should experiment to find others which will answer his purpose as well. 
The student should also provide himself with a supply of artgum erasers for 
cleaning his sketches and the edges of the finished drawing. 

Pointed Cork.—In the right-hand end of the charcoal holder of Fig. 1, 6 is 
placed a pointed cork. This cork can be prepared from almost any cork bottle 
stopper, but should be chosen from one that is comparatively free of knots or 
hard areas. The smaller bottle stoppers are best for this purpose. This cork 
drawing instrument serves similarly to an ordinary paper stump but is superior 
for softening lines and blending small areas on paper or Ross stipple board. 

Chamois and Blunt Cork.—Fig. 1, 7 shows another charcoal holder, the left- 
hand side of which has been mounted on a piece of chamois wrapped around a 
small bit of the same material to form a pad. This pad is used to clean up 
areas of the final drawing when they are found to be too dark. On the right- 
hand end of this chareoal holder (Fig. 1, 7) is mounted a piece of cork that is 
round in shape rather than pointed. It is used for softening larger dark areas 
on the final drawing. 

Engraving Tool or Scratcher.—Fig. 1, 8, is undoubtedly one of the most im- 
portant of the drawing instruments. It is an engraving tool made of wood 
through which passes a flat piece of a very good grade of steel. One side of this 
wood and steel has been ground flat on an emery wheel, as seen on the right- 
hand side of Fig. 1, 8a. The point is curved as seen in part 8 of the same 


*Manufactured in Newark, N. J., which may be obtained from the F. Weber Company, 
Philadelphia, Pa. 


! 
« 
ti 
he 
} 
' 
eds 
3 
7 


CLARKE: CRAYON SAUCE TECHNIQUE FOR MEDICAL ILLUSTRATION 1693 


figure. It is then ground on a fine carborundum flat stone, and polished 
further on a hard Arkansas oil stone. The point must be kept at razor sharp- 
ness at all times by means of the Arkansas oil stone, without ever using the 
emery wheel or carborundum stone a second time. All high lights on the 
finished drawings are scratched out or etched out of the chalk-surfaced stipple 
board with this tool. 

Use of the Engraving Tool.—Thin lines or pin-point high lights may be 
made by holding the engraving tool vertically; as the angle to the surface is 
decreased, a broader line may be drawn. The engraving tool or scratcher, as 
it is ealled by medical artists, is held between the index and second fingers and 
guided by the thumb rather than being held as one does a pencil (see Fig. 3). 
However, use all tools in the manner that is most suitable to you as an individual 
and work with the kind of tools that you ean use best. 


2 Fig. 3.—The method of holding the engraving tool for scratching out high lights in draw- 
opr pene — board. This tool must be kept at razor sharpness, otherwise harsh ragged 
nes will resu 


Charles Dana Gibson stated in one of his lectures that many art students 
ask him what particular make of pen point he uses in making his pen-and-ink 
drawings. His answer was that he uses any kind he finds suitable to draw with. 
After all, it is the artist who uses the instrument rather than the instrument 
that makes the drawing. However, certain instruments are better for specific 
purposes. 

Unless the seratcher is kept sharp it not only becomes cumbersome to work 
with, but invariably makes broken, irregular high lights or white lines that re- 
duce the quality of the drawing. The further use of these tools will be described 
fully when we actually begin the making of a scientific illustration. 

Pencil Dust or Crayon Sauce.—The final drawing is worked up on stipple 
board with carbon pencils or crayon sauce that is applied with brushes. Crayon 
sauce may be prepared by sandpapering the center or so-called lead of the 
Conté No. 3 pencil. This pencil serves best for this sauce since it is of the right 
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softness. Harder pencils give a dust that does not grip or stick to the stipple 
* board quite so readily. This dust or sauce may be saved in a small box, such as 
those in which the more expensive cigarettes are packed. An ideal way to collect 
it is to mount an ordinary sandpaper pad that is purchased in art stores (for 
sharpening charcoal) on an angle and to a side in one of these boxes. When the 
Conté pencil is pointed on the pad the dust slides from the pad into the box. 
In this way the artist kills two birds with one stone; he points his pencil and 
saves the dust which is later applied to the drawing. It might be well to bear in 
mind that no other pencils but the Conté No. 3 should be pointed in this box, as 


Fig. 4.—Brushes used for the pencil dust or crayon sauce technique. No. 1 is a large 
ene is reproduced the exact size of the original brushes. (From the catalog of 'F. Weber 
only the soft Conté No. 3 dust is suitable for applying with the brushes. Under 
no conditions should an ordinary lead pencil be sharpened on the pad, because 
earbon pencil lines will not stick to the surface of the paper over ordinary pencil 
lines but will slide smoothly over them and leave no mark at all. A mixture 
of these dusts will only lead to difficulties. Should the artist not care to save 
this Conté dust in the manner described, he will be able to purchase it already 
prepared under the name of crayon sauce. However, he will find that the 
numerous necessary sharpenings of his Conté pencil will provide an ample 
supply. 

Brushes.—There are four brushes used for applying this Conté dust. Fig. 
4, 1 shows a fair-sized sable blending brush. This is suitable for applying an 
even tone over the entire surface of the paper. Darker tones may be put in with 
one of the other three brushes seen in Fig. 4, 2, 3, and 4. The smaller brush is 
used for fine work and the others for covering larger masses. The brush shown 
in Fig. 4, 3 will be the one that is used most. 

Obtaining Dark Tones——When the drawing is practically finished, the stu- 
dent will find that there are areas which must be made darker when the stipple 
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board will not take a tone of sufficient blackness. This can be accomplished 
by pouring (not atomizing) alcohol on the drawing and then draining it off 
at a corner back into the bottle. After the aleohol has drained off sufficiently 
to lose its glossy, wet appearance, more pencil dust can be applied with the 
brush. The stipple board thus treated with aleohol permits darker tones. How- 
ever, this should not be done until the drawing is practically finished, as any 
erasing thereafter becomes more difficult. The alcohol has a tendency to harden 
the chalk surface of the stipple board. Never pour alcohol or fixative on a 
charcoal drawing. It is necessary to apply the alcohol or fixative to charcoal 
drawings with an atomizer. 

After this aleohol treatment there may be points that still need to be made 
darker. This can be accomplished with pen and India ink; however, bear in 
mind that the less it becomes necessary to apply ink, the better the drawing 
is likely to be. Work continuously with pencils, crayon sauce, and brushes until 
you can see no other points to improve, then apply the ink to points that you 
find impossible to make darker with the pencil or crayon sauce. Any number 
of applications of aleohol may be applied without harming the drawing, except 
for erasing. When entirely finished, the drawing may be fixed with ordinary 
alcohol fixative (for charcoal drawings) that has been diluted with three parts of 
aleohol. 

Summary of Materials—tThe following is a summary of the materials used 
in making drawings in pencil dust on Ross stipple board: 

An ample supply of thin drawing paper or a good grade of typewriting 
paper. Some of the sheets should be twice typewriting paper size for large 
drawings. 

Ross stipple board No. 00 dull. 

A supply of heavy cardboard for mounting, at least 14 ply. 

Water paste, rubber cement, or dry mounting process for mounting. 

One engraving tool or seratcher. 

Conté No. 3 pencils. 

Crayon sauce. 

Wolff pencils—BB, B, HB, and H. 

Two charcoal holders. 

Cork for stumps. 

A piece of chamois. 

Three flat red or black sable brushes, 1%, 14, and 1% ineh wide. 

One blending brush about 1 inch wide. 

Nigrivorine erasers. 

Artgum erasers. 


THE PENCIL DUST TECHNIQUE 


As the antiquated axiom goes, ‘‘Rome wasn’t built in a day,’’ so it is with 
developing the ability to draw. We do not acquire perfection in the production 
of scientific illustrations overnight. For this reason, the study of the pencil 
dust technique should be started with comparatively simple subjects, such as a 
few Malaga grapes, a rubber tube or ball. Before accepting these as simple 
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subjects let us first study them carefully. There are high lights, reflected lights, 
and shadows to be considered. Grapes are semitransparent or translucent. This 
effect of transmitted light is not easy to obtain on paper, therefore one’s first 
drawing should be undertaken with great care and a determination to produce 
a satisfactory illustration. 


Fig. 6.—A pencil dust sketch of a white rubber tube. Such practice drawings are made in an 
effort to learn to produce the effect of the third dimension. 


When a drawing is copied from a reproduction, it should be enlarged many 
times, at least to a convenient working size. When drawings in tone are copied, 
they should be copied from the original drawings if possible, though it is far 


} 
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| Fig. 5.—A pencil dust drawing of two balls or spheres. 
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better to work from the actual subject. For this reason, simple subjects easy to 
obtain are mentioned. Where it is not possible to obtain the same subject, a 
similar one will serve. For instance, white marbles or large clear glass beads 
could take the place of grapes. The drawing of grapes, marbles, or beads de- 
velops a dexterity in drawing the cysts that are so often present in pathologic 
specimens. While some of these subjects will be quite simple and seem to possess 
little bearing on scientific illustration, they have been chosen for a definite 
purpose. The training received in drawing them will be useful when actual 
scientific subjects present themselves. 

Make a careful line sketch of the model with a Conté No. 3 or Wolff BB 
pencil. This sketch may be the same size as the subject. It is best to try to make 
this, as well as the subsequent sketches, in line rather than graded tones, because 
this helps to develop a feeling for lines and how their placing, running direc- 
tions, and curves can determine various ideas of modeling and shading. This 
rule should be followed in making all scientific drawings for transfer. Such 


Fig. 7.—A small drawing of an ovarian cyst. This type of drawing shows one of the first 
subjects a student should undertake in developing a technique for illustrating pathologic speci- 
mens. Many principles he should have learned from drawing spheres, depressions, raised areas, 
and grapes apply to the making of such an illustration. 


practice is invaluable when it becomes necessary to make pen-and-ink drawings 
which are generally done in line only. There is a dry brush and India ink 
technique used quite often by commercial artists, but I believe that at present 
it is not well suited to scientific illustration. However, there is no reason why 
some excellent draftsman should not be able to develop a brush and ink technique 
suitable for this purpose. 

Transferring.—After this line sketch is well developed, transfer it as previ- 
ously described. It is this transfer which is to be worked into the final drawing. 


Developing the Pencil Dust Drawing.—First, carefully outline the subject 
with a Wolff BB pencil. Do not make these outlines too heavy, as it must be 
remembered that they are eventually to be blended into the tones of the body 
of the drawing. A general tone now may be applied to the entire surface of 
the paper with the blending brush. Dip the brush in your box of crayon sauce 
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and then wipe it off on the chamois pad for that purpose. Lightly brush over 
the entire surface of the drawing, thus giving it a general tone of about the 
shade you consider the greater part of the original to be. Using this as a key, 
pick out the high lights with the nigrivorine eraser and apply the darker tones 
with the flat sable brushes. 


8.—Two views of a single pathologic specimen showing the method of placing it in its 
omit « eroumding structures as a means of orientation. Many principles learned in the 
simpler drawings make it possible to produce a more complicated drawing as illustrated above. 
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No hard and fast rules are set down for the remainder of the work of 
developing the drawing. The student should work in the way which suits him 
best. The following directions are no more than suggestions of how to use the 
materials for the pencil dust technique. Some students prefer to pick out the 
high lights and lighten the areas that are lighter than the general tone. Others 
start right in with the brushes to obtain the darker gradations. Either method 
is acceptable. 
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Fig. 9.—In illustrating a surgical procedure the operative technique should be developed 
step by step. For example, this illustration shows the first step in an operation for the treat- 
ment of nephroptosis. The caption published under this figure read as follows: ‘A modified 
hockey stick incision. The intercostal muscle is exposed in the upper end of the wound. An ade- 
quate exposure is obtained with a maximum of consideration to anatomic details.’’ (From the 
Bulletin of the School of Medicine, University of Maryland.) 


Working From Light to Dark.—Find the definite high lights, which can 
be little more than points. Erase these from the general tone with the pointed 
eraser. Larger areas may be wiped out with the mounted chamois. If these 
areas are to be made still lighter, they may be erased by lightly touching or 
gliding the pointed eraser over the surface of the paper. Definite points of 
light may be etched or scratched out with the engraving tool. However, this 
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should not be done until the drawing is well modeled with the brush and eraser. 
If the engraving tool is used too soon, the drawing may lack depth of modeling. 
These are terms employed to express the illusion of the third dimension on a 
flat surface such as drawing paper. After the drawing is well modeled, the 
engraving tool is used to etch out minute points of light and to lighten small 


Intercostal= 


Sutures 
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Fig. 10.—Another step in the development of the same surgical procedure. The caption 
under this figure read as follows: “A method of placing sutures in the renal capsule. These 
sutures may vary in position as desired. The pedicle and ureter are freed of connective tissue. 
The anterior surface of the kidney is shown and the ureter is pulled medially.” (From the 
Bulletin of the School of Medicine, University of Maryland.) 
areas by gliding the instrument over the paper. If this tool is of razor sharpness 
and handled lightly, it will remove only the tops of the tiny raised areas of the 
stipple board ard create an additional tone that will improve the drawing as a 
whole. The best illustrations have a full range of tone from the lightest light to 


the darkest dark, with numerous graded tones between. 


A brush of medium size that has been dipped in the crayon sauce may be 
used to blend carefully and lightly in the shades of tones on the shadow side of 
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the drawing. Bear in mind that space must be saved for the reflected lights 
and that the tone is darkest next to these reflected lights. After these tones are 
shaded in to the best of your ability, take the pointed cork and soften the out- 
lines that were drawn in the beginning. Be careful not to let the tone which 
is spread by the cork come too far over into the reflected lights, or the lighter 
areas, as a wide line. Should this happen the overlapping tone may be re- 
moved by the pointed eraser. 


“Pieces of Fat under 
utunes if desired, 


Fig. 11.—In this step of the procedure, the free ends of the capsular sutures are brought 
out through the intercostal muscle above the twelfth rib before the kidney is drawn into place. 
(From the Bulletin of the School of Medicine, University of Maryland.) 


Use of Drawing Instruments.—As the drawing develops use the instrument 
which suggests itself. When a point or area is too dark, use the eraser, chamois, 
or engraving tool to lighten it. When it is too light, use the cork, brushes, or 
pencils to darken it. It is a constant alternating from one instrument to another 
and a careful working with them that eventually produces a finished drawing. 
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Study the high lights, reflected lights, shadows, and translucencies of the subject 
and try to duplicate them in the drawing. Translucency may be difficult to 
obtain but by constant effort it can be accomplished. 


Fig. 12.—A further step in the same procedure. The caption under this figure read as fol- 
lows: ‘An illustration of the kidney in the desired position. Overcorrection and dependent drain- 
age are obtained. The fatty capsule supplies secondary support.’’ (From the Bulletin of the 
School of Medicine, University of Maryland.) 

You will find that the spotted effects so often seen on fresh pathologic 
specimens can be produced by just touching the surface of the stipple board 
with the pointed eraser and cork. As you work, such ideas of obtaining different 
effects suggest themselves. 

Developing the Darks.—After you have worked the drawing to a point 
where the stipple board will not take any darker tones, flow the alcohol over the 
mounted drawing and allow it to drain back into the bottle from a corner. Be 


sure that the entire surface of the paper is covered with alcohol, otherwise a line 
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may form between the covered and uncovered surfaces. As soon as all indica- 
tions of wetness have disappeared, a second coat of crayon sauce may be applied 
where necessary to obtain darker tones. 


Fig. 13.—The final illustration in the surgical technique previously described. The caption 
under this figure read as follows: “A diagrammatic posterior view of a hypothetical case and 
= ie of correction possible.” (From the Bulletin of the School of Medicine, University of 

aryland. 


If there are areas that are still to be made darker, this may be accomplished 
by passing the point of the Wolff BB or Conté pencil lightly over them. In such 
a case do not bear hard enough on the pencil to press into the paper or to leave 
a microscopic mound of carbon at the end of a pencil line. It is better to go over 
the area again and again until the desired tone is produced. The final dark 
touches to the drawing may be done with pen and India ink. This should be 
applied sparingly, otherwise it may be conspicuous to the point of affecting the 
quality of the drawing. 

Fizing Pencil Dust Drawings—After you have worked on the drawing until 
nothing further suggests itself, it should be made permanent with a weak fixative 
of one part fixative to three parts of alcohol. 
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Fixative of normal strength can be made by dissolving 2 ounces of gum 
_Iaastic in 8 ounces of alcohol. For pencil dust drawings this should be diluted 
to a point where it will leave no gloss on the stipple board after it is dry. This 
ean be done by adding three parts of alcohol to one part of fixative. 

Shellac fixative can be made as follows: Dissolve 14 pound of dry white 
shellac in a quart of aleohol. Shake well every few days until the shellac is 
completely dissolved, then let it settle for ten days and pour off the clear yellow 
liquid above the shellac that has settled to the bottom of the container. Be 
eareful not to allow any of the sediment to mix with the clear solution. For 
pencil dust drawings this should be diluted with about six parts of alcohol. 

It is best for the fixative to be no stronger than necessary to keep the pencil 
dust from smudging or coming off the board. While drawings can be worked 
on after fixing, it is better to develop them as far as possible before fixing. 
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DEPARTMENT OF ABSTRACTS AND REVIEWS 


Ropert A. KILDUFFE, M.D., ABSTRACT EDITOR 


MENINGITIS, Pneumococcic and Influenzal, Treatment of, With Sulfapyridine and Its 
Sodium Salt, Neal, J. B., Appelbaum, E., and Jackson, N. W. J. A. M. A. 115: 2055, 
1940. 


The authors present a series of 30 cases of pneumococcic meningitis with 10 recoveries 
and 29 cases of meningitis due to H. influenzae with 14 recoveries treated with sulfapyridine, 
its sodium salt, or both. A specific serum was usually employed as well. However, they 
believe, in view of previous experience, that the lower case fatality in both forms of men- 
ingitis is attributable largely to this form of chemotherapy. 


SMEGMA BACILLUS, Differentiation of Tubercle and, Bent, M. J., and West, H. D. 
Am. Rev. Tuberc. 42: 815, 1940. 


The disappearance of color in cultures of smegma bacilli grown on Petragnani’s and 
on Petroff’s media containing malachite green can be used to differentiate these organisms 
from tubercle bacilli which are not capable of producing the change in these culture media. 

The color change results from a tautomeric shift of the dye molecule to the colorless 
color base of malachite green because of increased alkalinity. The increased alkalinity is 
due to the greater production of ammonia by the smegma bacilli. 

Autolysis of smegma bacilli with the production of ammonia is probably an important 
factor. 


BONE, Giant Cell Tumor of, Jaffe, H. L., Lichtenstein, L., and Partis, R. B. Arch. Path. 
30: 993, 1940. 


A conception of the giant cell tumor of bone has been developed which can be briefly 
summarized as follows: The giant cell tumor of bone is not as common or as miscellaneous 
a lesion as it has generally been supposed to be. Cases of medullary fibroma or osteofibroma 
of medullary xanthofibroma or xanthogranuloma, and of certain peculiar forms of medullary 
chondroma, for instance, are sometimes misclassified under the head of giant cell tumors— 
notably as representing supposed variants of the latter. The authors deprecate this tendency 
and hold in particular that cases classed under the head of ‘‘osteitis fibrosa or spindle 
cell variant,’’ ‘‘xanthic variant’’ or ‘‘chondromatous variant’’ of giant cell tumor actually 
represent misclassified cases of these other, independent conditions. They have frequently 
made such misclassifications. Furthermore, they feel that the resemblance between the so- 
called ‘‘brown tumors’’ of hyperparathyroidism and certain epulides, on the one hand, and 
genuine giant cell tumors, on the other, is only superficial and is not based on any patho- 
genetic relationship. 

The authors interpret the giant cell tumor of bone as a neoplasm of a definite kind, 
arising apparently from the undifferentiated supporting connective tissue of the marrow 
and clearly delimitable on the basis of its cytologic details. In essence, it is composed of 
a more or less vascularized network of spindle-shaped or ovoid stromal cells and multinuclear 
giant cells in certain particular proportions and arrangements. The tumor shows but little 
collagenous differentiation of its stroma and almost no evidence of ossification. However, 
there are differences between individual giant cell tumors, particularly in respect to aggres- 
siveness, based mainly on differences in stromal cell detail. On the basis of these differences, 
we have found it expedient to subclassify giant cell tumors into three grades. 


1705 


| 
| 
5 


1706 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Those which are classed under grade I are the least aggressive ones, in which the 
stromal cells, though abundant, are not compacted and do not exhibit any appreciable atypism. 
The tumors of grade II manifest cytologically a very compact cellular stroma, showing 
definite evidences of atypism, tend strongly toward recurrence, and in some cases eventually 
undergo malignant transformation. Those of grade III represent the small group which 
possess a sarcomatous type of stroma, are frankly malignant and metastasize. The malignant 
giant cell tumors are characterized microscopically by the presence of abundant, compacted 
stromal cells appearing in whorled arrangement and uniformly showing signs of atypism. 


From the clinical point of view this study has shown that a genuine giant cell tumor 
is not likely to develop in any person below the age of 20. In connection with the inter- 
pretation of the roentgenographic findings, it is pointed out that, despite the common 
opinion, there is no such thing as a ‘‘typical’’ or a ‘‘characteristic’’ roentgen picture of a 
giant cell tumor. It is maintained further that ‘‘blind’’ irradiation based on an unverified 
roentgenographic diagnosis is usually not justifiable and that a biopsy should be performed 
on a bone lesion suspected of being a giant cell tumor to establish the diagnosis definitely 
before therapy is undertaken. The treatment of a giant cell tumor of bone should be 
guided by the idea that this lesion (considered independently of its supposed variants) is, 
on the whole, a more serious one than it has usually been supposed, 


SULFATHIAZOLE in Blood and Urine, Sunderman, F. W., and Pepper, D. S. Am. J. 
Med. Se. 200: 790, 1940. 


Applying methods for the analysis of sulfanilamide in whole blood to the measurement 
of sulfathiazole, the authors have found that recovery of sulfathiazole in whole blood aver- 
ages approximately 86 per cent of the theoretical. This diminution in the recovery was 
shown to occur during protein precipitation. Employing serum instead of whole blood, loss 
of sulfathiazole is considerably less, averaging only about 3 per cent. For this reason, the 


authors feel that analysis for sulfathiazole should be made in serum instead of whole blood. 
A procedure for analysis in serum is suggested in which an arbitrary ‘correction for the loss 
is made in the final calculation. 


Since both sulfathiazole and its acetyl derivative are about twice as soluble in urine 
of pH 7.6 as in urine of pH 5.6, it may be inferred that when crystalline concentrations 
owing to sulfathiazole therapy threaten, an effort should be made to keep the urine alkaline 
and to secure a large urinary volume. 


The method for serum follows: Two milliliters of serum obtained from centrifuged 
clotted blood are run into a 25 ml. volumetric flask containing 10 ml. of 8 per cent trichlo- 
racetic acid. After shaking thoroughly to keep the precipitate finally divided, the solution 
is diluted to the mark with distilled water. The contents are mixed and allowed to stand 
for twenty minutes; then filtered through Whatman No. 44 paper to obtain a clear, colorless 
filtrate. Ten milliliters of the filtrate are diazotized at room temperature with 1 ml. of 
0.1 per cent freshly made solution of sodium nitrite. The solution, after standing for three 
minutes, is treated with 1 ml. of 0.5 per cent solution of ammonium sulfamate. After 
mixing thoroughly, 5 ml. of dimethyl-alpha-naphthylamine coupling reagent are added; the 
tube is stoppered, inverted once, and allowed to stand for ten minutes. 


Comparisons of color development are made by means of a colorimeter (or photoelectric 
cell device), utilizing sulfathiazole standards of appropriate concentrations carried through 
the same procedure as with the unknown. It is important that the solutions be well shaken 
before placing them in the colorimeter cups to eliminate small gas bubbles that may be 
present. (The gas is presumably nitrogen formed by the destruction of HNO, with NH,- 
SO,NH,.) The authors employ a colorimeter (Bausch & Lomb) having an attachable lamp. 
The eyepiece of the colorimeter is fitted with a No. 74 Wratten filter. Standards of ap- 
propriate concentrations are made from a stock solution of sulfathiazole containing 200 mg. 
per liter. It is convenient to have prepared standards with concentrations of sulfathiazole 
of 0.2, 0.4, and 0.8 mg. per 100 ml., respectively. 


ABSTRACTS 


Calculation: 


Reading of Standard 

Reading of Unknown x mg. of Sulfathiazole in Standard x Dilution factor x Corree- 
tion factor = mg. per 100 ml. Correction factor = 1.03. 

Recovery of sulfathiazole from protein-free urine is practically quantitative. The pro- 
cedure for serum may be applied to urine determinations disregarding the correction factor. 
It is preferable that appropriate dilutions of urine be made so that sulfathiazole concentra- 
tion in the diluted urine is between 5 and 30 mg. per 100 ml. 


MENINGITIS, Pneumococcic, Treatment of, Rhoads, P. S., Hoyne, A. L., Levin, B., 
Horswell, R. G., Reals, W. H., and Fox, W. W. J. A. M. A. 115: 917, 1940. 


In a series of 22 consecutive cases of pneumococcic meningitis treated by the authors 
with the combined use of sulfanilamide or sulfapyridine (and its sodium salt) and specific 
antipneumococcus rabbit serum there were 7 recoveries. ; 

In the period covering these cases, more patients were admitted to the Cook County c 
Hospital with pneumococcic meningitis than with meningococcic meningitis, The old teach- ; 
ing that purulent meningitis should be treated as meningococciec meningitis until proved 
otherwise is entirely outmoded. A vigorous search for the etiologic agent must be started 
at once and pursued until the organism is determined. Pending that time, sulfapyridine by 
mouth or its sodium salt intravenously should be given in large doses, unless hemolytic 
streptococci are strongly suspected, in which case sulfanilamide may be the better chemo- 
therapeutic agent. 

The best prognosis in cases of meningococcic meningitis is in so-called primary cases, 
ie., those unassociated with other demonstrable pneumococcic lesions. The worst prognosis 
is in those cases associated with pneumococcic endocarditis and/or extensive pneumonia. 5 

In addition to vigorous chemotherapy and serum therapy, surgical drainage of focal 
lesions, care to maintain an adequate fluid and caloric intake, and occasionally blood trans- 
fusions, are of the utmost importance. 


RECTUM, Prognosis ‘in Carcinoma of, Broders, A. C., Buie, L. A., and Laird, D. R. 
J. A. M. A. 115: 1066, 1940. 


A total of 432 resected specimens of carcinoma of the rectum were graded according 
to Broder’s method and grouped according to Duke’s method of classification. The 
distributions of grade and class were studied in comparison with other investigations and 
also in relationship to survival after operation. On the basis of the entire study, certain oq 
conclusions were reached: 


1. The presence or absence of mucus loses importance as a guide to prognosis if his- 
tologic grading is done by Broder’s method. 

2. Tumors of higher grades are more rapid in growth, and their metastases cause the 
death of the patient earlier than those of lower grades. 

3. The classification of the lesion according to the method of Duke is also correlated 
with postoperative life; the higher the class, the less the percentage survival. : 

4. A combination of Broder’s grading and Duke’s classification yields a prognosis of 
survival more accurate than either method taken separately. 


HYPERTENSION and the Surgical Kidney, Braasch, W. F., Walters, W., and Hammer, 
H. J. J. A. M. A. 115: 1837, 1940. 


One hundred and fifty approximately consecutive nephrectomies were studied. These 
cases were representative of severe unilateral renal damage. 

Hypertension was not a common finding in the clinical picture in this group. 

Vascular changes, which have been considered to be causative factors in the production 
of hypertension, were present in a high percentage of the cases, 
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Elevation of blood pressure readings in these cases was not the rule, even in chronic 
pyelonephritis. Nephrectomy was not followed by appreciable reduction in blood pressure 
readings before operation. 


The exact etiologic factor in renal (ischemic) hypertension is as yet unknown. The 
pathologic and anatomic elements seem less important than an as yet unknown physiologic 
element. 


BIOPSY, Testicular, Its Value in Male Sterility, Charny, C. W. J. A. M. A. 117: 1429, 1940. 


The testis, with the scrotal skin taut, is held in the operator’s left hand. After ap- 
plication of an antiseptic, a portion of the skin overlying the anterior surface of the testis is 
infiltrated with 1 per cent procaine hydrochloride. An incision about 1.5 em, long is made 
through the skin and carefully carried through all the fascial layers until the parietal layer 
of the tunica vaginalis is opened. This is signalized by the escape of serous fluid and the 
appearance of the glistening visceral layer of the tunica vaginalis. The latter and the tunica 
albuginea are nicked with a small scalpel. Gentle pressure on the testis now serves to extrude 
a small bead of tissue, which is cut off with a curved iridectomy scissors. The testicular in- 
cision need not be sutured. The skin is closed with two interrupted catgut sutures and a 
collodion dressing is applied. The patient may return to his former duties the following day, 
wearing a suspensory for a day or two. The specimen of tissue is preserved in Bouin’s solution, 
mounted in paraffin for section, and stained by hematoxylin eosin, 


Testicular biopsy is a simple, innocuous procedure, as shown by its application in 40 in- 
fertile patients without a single mishap. 

Testicular biopsy is not only a definite diagnostic aid in differentiating between obstruc- 
tive and nonobstructive semen defects but serves a prognostic function as well. 


When performed before and after treatment, testicular biopsy yields the most direct 
evidence of the efficiency of the therapeutic agent employed. 


PNEUMOCOCCIC INFECTION, Changes in the Number of Circulating Leucocytes in 
Relation to Spontaneous Recovery From, Fleisher, M. S., and Rich, G. T. Arch. Path. 
30: 843, 1940. 


The change (relative increase or decrease) of the total number of leucocytes and of the 
number of neutrophiles per cubic millimeter of the circulating blood of the guinea pig twenty- 
four hours after infection with type I pneumococci bears a positive relationship to the spon- 
taneous death or recovery of the animal. Even at six hours after infection this relationship is 
suggested or is evident. This positive relationship can be observed when death or recovery 
is postponed for more than twenty-four hours subsequent to six-hour or twenty-four-hour 
counts. Study of the response of animals to a nonspecific irritant suggests the possibility that 
this early reaction of the leucocytes is at least in part an inherent physiologic adaptation 
of the animal. 


BLOOD VOLUME and Extracellular Fluid Volume in Infants and Children, Robinow, M., 
and Hamilton, W. F. Am. J. Dis. Child. 60: 827, 1940. 


Blood volumes of newborn infants averaged 98.3 8.7 ¢.c. per kilogram of body weight. 
The relative plasma volumes varied inversely with the hematocrit reading. A tentative 
explanation for this phenomenon is given. 

‘¢Extracellular fluid volumes’’ were calculated from the dilution of intravenously injected 
sodium sulfocyanate. These volumes increased with age if calculated on the basis of body 
surface but decreased if calculated on the basis of body weight. 


Extracellular fluid volumes were found to be large in nephritic edema and in malnutri- 
tion. Low values were found in obesity and in dehydration. 


Histamine shock in dogs did not change the concentration of sulfocyanate in plasma. 
The fluid of edema in acute nephritis is apparently entirely extracellular. 


REVIEWS 


Books and Monographs for Review should be sent direct to-the ‘Editor, " 
Dr. Warren T. Vaughan, 201 West Franklin Street, Richmond, Va. 


Diagnosis and Treatment of Menstrual Disorders and Sterility* . 


W Sane book is a well written, thorough summary of endocrine functions in gynecology which 
is easy to read and interesting. It is written more from the clinical than from the 
didactic standpoint, and thus is of practical benefit to the practitioner. The authors take 
up the entire field of menstrual disorders very thoroughly as to diagnosis and treatment, 
and include sufficient «spects of anatomy, etiology, and pathology to present a complete picture. 
There is also a short but comprehensive summary of the normal physiology of the menstrual 
cycle. The subject of sterility is thoroughly taken up as to etiology, diagnostic study, and 
treatment. 
The book is well illustrated and contains tables illustrating differential diagnosis. There 
is a good bibliography at the end of each chapter and a well-prepared index. 


Synopsis of Materia Medica, Toxicology, and Pharmacology+ 


| peg for the dimensions of the volume this can hardly be considered a synopsis. With 

over 600 pages printed in small type, it is a very comprehensive pharmacology. The 
book is small, and therefore, might be termed a handbook. Otherwise it is an excellent 
reference work on pharmacology. 

It takes up the subdivisions of the subject in logical order, starting with basic principles, 
then materia medica, and prescription writing, followed by toxicology. 

To the reviewer this seems to be a very logical approach, and one which is usually not 
followed since most of these subjects appear in an appendix at the end of a book. Obviously, 
these are phases that could well be mastered by the student before starting with the actual 
basic considerations of the action of drugs. 

In the body of the book, drugs are grouped in accordance with the localization of their 
action, whether it be in the skin, central nervous system, the peripheral nervous system, muscle, 
the urinary tract, ete. Final chapters deal with vitamins, serums, vaccines, hormones. The 
sulfonamide compounds are grouped with several other drugs in a final miscellaneous chapter. 


The American College of Physicians} 


ow volume is unique in that it presents a complete and accurate history of one of our 
outstanding medical organizations from its birth in 1915 to the present time. The editor, 


*Diagnosis and Treatment of Menstrual Disorders and Sterility. By Charles Mazer, M.D., 
F.A.C.S., Assistant Professor of Gynecology and Obstetrics, Graduate School of Medicine, Uni- 
versity of Pennsylvania; Gynecologist to the Mount Sinai Hospital, Philadelphia; and S. Leon 
Israel, M.D., F.A.C.S., Instructor in Gynecology and Obstetrics, School of Medicine, University of 
Pennsylvania; Associate Gynecologist to the Mount Sinai Hospital, Philadelphia. With 108 
illustrations. Cloth, 485 pages, $6.50. Paul B. Hoeber, Inc. (Medical Book Department of 
Harper & Brothers), New York, London, 1941. 

. +Synopsis of Materia Medica, Toxicology, and Pharmacology. For Students and Practi- 
tioners of Medicine. By Forrest Ramon Davison, B.A., M.Sc., Ph.D., M.B., Assistant - Professor 
of Pharmacology in the School of Medicine, University of Arkansas, Little Rock. Cloth; pages 
633, with 45 illustrations, including 4 in color, The C. V. Mosby Company, St. Louis, 1940. 

tThe American College of Physicians. Its First Quarter Century. ' Historian William 
Gerry Morgan, M.D., LL.D., Sc.D., M.A.C.P., Fellow (1916), Councillor and Regent (1916-29), 
Governor (1929-32), Secretary-General (1932-37), Vice-President (1937-38) and Master (1940) 
of the American College of Physicians; Professor of Gastroenterology and Emeritus Dean, 
Georgetown University School of Medicine, Washington, D. C.; Former President American Medi- 
eal Association. Cloth, pages 275, $2.00. American College of Physicians, Philadelphia, 1940. 
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Doctor William Gerry Morgan, is peculiarly qualified for the assignment of chief historian. 
_ He became a member in 1916, and has closely followed the vicissitudes and triumphs of the 

College since that time, holding several offices of trust and responsibility during the formative 
period of the Society, as well as in later, more sanguine years. 

The History is conveniently and logically divided into two parts. Part One consists 
of chapters on: ‘‘The Founding of the College’’; ‘‘The Presidents of the College’’; ‘‘Other 
Officers,’’ including The Secretary-Generals, The Treasurers, Editors of the Journal, Chairmen 
of the Board of Governors and The Executive Secretary from the pen of Doctor William Gerry 
Morgan; ‘‘The Constitution and By-Laws’’; ‘‘ Financial Record of the College’’ contributed 
by Edward R. Loveland; also ‘‘The Publications of the College’’; ‘‘The American Board of 
Internal Medicine’’; ‘‘My Recollections of the Period, 1925-29’’; ‘‘The Story of Recent 
Years’’; by Doctors Maurice C. Pincoffs, Walter L. Bierring, Charles F. Martin, and James 
Alexander Miller, respectively. This section contributes a number of short biographical 
sketches of outstanding American physicians. Part Two, ‘‘The Chronology,’’ presents, in 
documentary form, abstracts from the minutes of the meetings of the Board of Regents and 
the Board of Governors. A final chapter outlines the present objectives, activities, administra- 
tion, and requirements of admission to the College. The preface is splendidly written by 
a former President and present Secretary-General, Doctor George Morris Piersol. 

A comprehensive, quarter century history of The American College of Physicians must 
necessarily contain a great deal of the worth-while history of American medicine. Therefore, 
this work should be of vital interest to all who practice that art in this country. 


The Pharmacological Basis of Therapeutics* 


HIS is a major contribution to the literature of pharmacology. It will undoubtedly soon 

assume a position as one of the three leading textbooks on the subject. The sequence of 
presentation is new. The drugs discussed are brought up-to-the-minute and include the latest 
sulfonamide compounds, endocrine preparations, and the newest anesthetics and hypnotics. The 
discussion of pharmacologic action is broadened in that there is more than the usual description 
of clinical action in addition to effects on experimental animals. The volume will find a place 
not only as a textbook but also as a general reference manual, 


*The Pharmacological Basis of Therapeutics. A Textbook of Pharmacology, Toxicology 
and Therapeutics for Physicians and Medical Students. By Louis Goodman, M.A., M.D., As- 
sistant Professor of Pharmacology and Toxicology, Yale University, School of Medicine; and 
Alfred Gilman, Ph.D., Assistant Professor of Pharmacology and Toxicology, Yale University, 
School of Medicine. Cloth, pages 1383, $12.50. The Macmillan Company, New York, 1941. 
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